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ABSTRACT 
This thesis is a survey of rural electrification programmes in South-East Asia. In the course 
of the last two decades there has been considerable investment in rural development by Less 
Developed Countries throughout the world and particularly in the South-East Asian region. 
Significant progress of rural electrification has been made in Malaysia, Thailand and the 
Philippines during this period. Indonesia has not achieved the extensive rural electrification 
evidenced by those countries and by 1984 less than fifteen percent of its total population, 
and a considerably lower percentage of its rural population, had access to an electricity sup-
ply. 
The fact that the Philippines and Indonesia are archipelagos and that they are at different 
stages in their rural electrification programmes led to the selection of these two countries 
for specific consideration of their differing approaches to rural electrification. 
The institutional, financial and technical aspects, and the establishment, management and 
operation of rural electrification programmes in the South-East Asian region are con- 
sidered. The socio-economic benefits accruing to these programmes and the role of rural 
- 	electrification in rural development are reviewed and assessed. 
The information and analysis is presented with a view to providing information for rural 
electrification planners, and for countries such as Indonesia at a comparatively early stage of 
their rural electrification programmes. 
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CHAPTER ONE 
INTRODUCTION AND LITERATURE SURVEY 
1.1 Objectives of Research 
The author has surveyed rural electrification (r.e.) in Less Developed Countries 
(LDCs) in South-East Asia to identify its role within rural development. The 
establishment, management and operation of r.e. programmes and the technical, 
social and economic features of r.e. have been considered. 
South-East Asia has been chosen as an area of special interest because of the many 
extensive r.e. programmes in the region and in particular, case studies of r.e. 
programmes in Indonesia and the Philippines have been selected for inclusion. A 
comparative analysis of these programmes is considered to be particularly useful as 
the foreign agencies involved in funding the Indonesian R.E. Programme intend to 
base it on the Philippine example, which is considered to be well established, 
successful and commenced some five years before the Indonesian programme. 
Recent experiences of r.e. programmes in Malaysia and Thailand have also been 
investigated and their ambitious programmes and apparent achievement of rapid 
and successful electrification provide information on different approaches to r.e. 
and represent a broad scale of experiences in South-East Asia. Figure 1.1 shows 
the location of these and other countries in the South-East Asian Region. 
The information and data, on the South-East Asian r.e. programmes presented in 
this thesis was collected from the relevant authorities during a field trip to the 
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region in 1984. This thesis aims to provide information for planners in LDCs, 
particularly Indonesia, on the economic arguments, the social justifications and the 
technical considerations of r.e. programmes. 
1.2 Rural Electrification as an Element of Rural Development 
Large scale r.e. programmes were implemented in developed countries in the years 
shortly after World War II, the most significant of which has proved to be the r.e. 
development in the United States of America (U.S.A.). The importance of the 
U.S.A. r.e. experience is not confined to its own borders as it has shaped the r.e. 
programmes undertaken in many LDCs because of the large U.S.A. influence in 
international aid organisations. 
In 1935 only 11 percent of 6.8 million farms in the U.S.A. were receiving electric 
service with a similar percentage for non-farm rural homes and businesses. Rural 
electrification became an emotionally charged issue between rural communities and 
private utilities who refused to provide power to rural homes at a reasonable cost. 
As a result, rural electric co-operatives were established and were able to distribute 
and, in some cases, generate power which the rural households could afford. By 
1980, approximately 99 percent of farms and other potential rural consumers had an 
electricity supply and during this period of 45 years the U.S.A. investment in r.e. 
was $33,000 million [1]. 
Substantial resources have also been devoted to r.e. within LDCs throughout the 
world with the cumulative investment in the World Bank's areas of operations 
estimated at $10,000 million by 1971 [2]. During the next decade the pace of 
electrification in LDCs increased, with approximately $20,000 million spent or 
committed to r.e. programmes [3]. This resulted in an estimated 25 percent, or 
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approximately 350 million people, with an electric service in rural areas of LDCs by 
1980. 
Most LDCs are committed to r.e. to some extent and it is considered important 
enough to justify extensive government and international subsidies. The provision 
of electricity in rural areas is widely believed to be a stimulus to increased 
agricultural productivity and to encourage local small scale industries. At the social 
level the provision of even modest domestic supplies is believed to enhance social 
and cultural life. Historically, the use of electricity has been directly related to 
rising incomes and productivity and a United Nations Report (1967) suggested that 
economic progress and electrification are interdependent and self-sustaining 
processes [4]. 
The financing and management of r.e. programmes varies between countries and 
the international aid organisations have played a key role in this area. A significant 
proportion of the funds allocated to r.e. from such organisations are in the form of 
loans at concessional rates (soft-term loans), and in addition these organisations 
provide much of the planning and technical advice on electrification and other 
aspects of rural development. 
Rural electrification can be defined as the provision of electricity to areas of low 
electricity demand and highly dispersed potential consumers. Electricity can be 
supplied to these areas using isolated local generators, local independent grids or a 
national grid network. The use of local generators, known as autogeneration, is 
required when the electric power demands are remote from an existing grid or if 
there is a low level of utilization. The prime movers are likely to be diesel engines, 
small steam turbines, small hydraulic machines or possibly solar and wind 
generators. 
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In contrast, the introduction of electricity through local and national grids to rural 
areas is often through extensions from urban areas and large towns. As most large-
scale national r.e. programmes depend on the development of a national grid 
system, clearly r.e. cannot be considered as totally separate from general 
electrification of provincial towns and villages. There is no common definition of 
'rural' electrification across the countries of South-East Asia. In the Philippines, 
the term relates to the electrification of non-metropolitan areas, whereas in 
Indonesia it is the electrification of all areas outwith government administrative 
centres at national, regional and local level. In the absence of a uniform definition 
of 'rural' within the context of r.e., in this thesis the term relates to all non-
metropolitan areas except where otherwise stated. 
National objectives for r.e. programmes and developmental benefits commonly cited 
as potentially due to r.e. are numerous (see Appendix 1). Although the objectives 
of r.e. given by different countries do not always agree in detail, there is a general 
concensus regarding its broad aims [5], namely economic development, social 
benefits, increase in productivity and employment. 
The direct economic and social benefits and the indirect benefits in terms of 
migration, employment and political stability are considered in more detail. 
1.3 Economic Development 
The most significant potential for economic development through r.e. is in its 
productive uses, especially in agriculture and industry. 
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1.3.1 Agriculture 
Electricity can be used in agriculture in three main activities namely production, 
processing and irrigation. 
In agricultural production - livestock and crops - the potential usage of electricity is 
greatest in livestock production, where it can be used, for example, for heating and 
lighting in poultry farms and for milking machines and cooling in dairy farms. A 
United States Agency for International Development (U.S.A.I.D.) Report on the 
Costa Rican R.E. Programme found that the greatest user of electricity for on-farm 
production was livestock production and that it had little impact on the crop 
production [6]. This reinforced the findings of three other U.S.A.LD. impact 
studies in the Philippines, Bolivia and Equador [7], [8], [9]. In general, it was 
found that the costs of the equipment using electricity and compatible farming 
techniques were beyond the means of most farmers. 
A more widespread impact on agriculture through the use of electricity in the above 
countries came from agro-processing with electrification of machinery such as rice-
hullers, corn grinders and sugar cane crushers. In many instances electrification 
had increased the agro-processing plant capacities which may stimulate farm 
production, however, Mandel's study of the Philippine R.E. Programme concluded 
that electricity had not had a substantial impact upon crop production [10]. In an 
impact study of r.e. in Equador, agro-industries had increased in the electrified 
areas, with local husking and drying facilities for coffee and rice substantially 
increasing the value of the crop to the farmer [11]. 
Another significant impact on agriculture in many countries is the use of electricity 
for irrigation. An increase in value of agricultural output through irrigation can 
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come from, (a) an increase in the irrigated area, (i.e. increased productive area), 
(b) greater cropping intensity with the possibility of growing two or three crops 
annually or, (c) a change to higher value crops which require irrigation. 
Irrigation systems can be built with large pumps lifting water from rivers or canals 
to distribution systems at higher levels, or alternatively through the construction of 
deep tube wells from which water is lifted by electric motor pumps for distribution 
to the fields. In particular, India has placed a great emphasis on developing small-
scale irrigation tubewells to achieve increased agricultural productivity with a total 
of 6.5 million electrical pumpsets estimated as having been installed by 1985. It is 
worth noting that 17 per cent of total (urban and rural) electricity consumption in 
India is for irrigation [121. 
1.3.2 Industry 
Industrial uses of electricity in rural areas are many and varied and a 1963 United 
Nations report stated that the use of electricity had proved to be invaluable to 
cottage and small scale industries in rural Asia [13]. T1ie report also suggested that 
at the cottage level r.e. can stimulate rural business by extending the working day 
through lighting, and increasing productivity through the use of machine tools. 
Industrial benefits from electricity were considered to include the cost savings 
compared to former energy sources and improved quality and quantity of 
production. The UN report further identified several types of installations which 
could use electricity, including agricultural processing industries, manufacture and 
repair of agricultural machinery, carpentry, sawmills, weaving and cold storage 
plants [14]. 
Energy cost savings may not be the only indirect benefit from electrification of 
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small industries. Should the energy cost savings be large or product quality greatly 
improved then this could lead to the expansion of existing industries through 
increased output and also the introduction of new industries. This is especially true 
in industries where the costs of production are sensitive to the costs of energy 
inputs, for example ice plants. 
Prior to electrification, the prune motive power for most of the above industries 
would have been the diesel engine. Should the unit costs to the plant owner from 
electric power be cheaper than those for diesel power then electrification according 
to to the UN report, should initially result in greater profit from the lower unit 
input costs. 
In many small industries however energy sources cannot be so easily substituted by 
electricity and Weatherly (1980) concluded that r.e. would have little impact on the 
pattern of fuel use in existing rural industries in Indonesia [15]. Industry in Kiaten, 
Indonesia, a relatively advanced area, made use of large quantities of non-
substitutable energy sources in 1975 including, wood (67,000 tons), charcoal (4,700 
tons), and crop residues (42,000 tons) [16]. As a result, Weatherly concluded that 
it was only economical for industries with a significant need for motive power to 
substitute electricity for their fuel needs [17]. In the case of existing industries, 
Weatherly suggests that the costs of energy source are seldom so high that a 
reduction in those costs through electrification will have a significant effect on 
production volume and costs and that other factors may have a greater impact on 
industrialisation. 
With regard to the spread of new industries, supply and demand constraints in the 
rural context will be more important in deciding location and viability. Important 
factors for establishing new industries are given below:- 
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availability of credit, 
supply of raw materials, 
distance from the market, 
skilled workforce, 
infrastructure. 
Should all these factors be favourable it is unlikely that the existence or otherwise of 
an electricity supply would effect the establishment of small scale industries. 
Several impact studies of r.e. in L.D.C.s have found that industries develop in 
towns which have economic advantages because of location, market density, 
transport infrastructure and commercial activity [18,19,20]. Generally it was found 
that rural areas without these advantages will not normally attract industry even 
with electrification. Exceptions to this include small-scale agro-processing, based on 
village produce, especially rice or flour mills and such mills account for more than 
80 per cent of industrial connections in many countries and make up the majority 
of industrial units in rural Asia [21]. This is due to the fact that electricity 
substitutes easily for diesel in supplying motive power to drive the mills. 
It is also the case that introduction of new industries into rural areas is dictated by 
other factors, for example in India a Karnataka State Council report suggested that 
it was essential that a national policy was formulated to prevent industrial growth in 
already industrialized areas to decentralise industrial activity. Incentive schemes 
were initiated including financial support to encourage industry to locate in rural 
areas [22]. 
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1.4 Soda] Benefits 
The majority of justifications for r.e. cite a wide range of social benefits which will 
accrue to rural populations (see Appendix 1). The most important of these benefits 
on the domestic level is lighting, and on a community level education, health and 
security. 
On a domestic level, all electrified households use electricity for lighting and some 
use it for domestic appliances the type of which varies from one country to another. 
Electric lighting is considered to be more desirable than kerosene lighting due to the 
heat and fumes which emanate from kerosene lamps. Kerosene lamps are also a 
fire hazard and, in the case of pressurised lamps, need constant attention. In 
addition only the pressurised lamps, which consume large volumes of kerosene, give 
off a reasonable light, while kerosene wick lanterns merely glow rather dimly. 
One widely assumed benefit of r.e. is the cost savings to the consumer compared to 
current expenditures on kerosene lighting. This appears to be a misleading 
perception as often consumer costs increase with electrification indicating that the 
quality of electric light itself is a benefit [23,24]. 
With regard to the use of electrical appliances in the South-East Asian Region, fans 
were the appliance most commonly used followed by irons and radios. In the 
wealthier countries of the region televisions, refrigerators and stereos are favoured 
by those who can afford them [25]. Because electricity connections go initially to 
wealthier households, any sampling of applicance use is generally a sampling of 
wealthier household appliance use. Households of modest means have a few 
lighting fixtures only and many r.e. agencies have found that more than half of 
their connections paid minimum bills [26]. 
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Most rural households in South-East Asia cannot afford household connections, 
especially if they must pay near the true economic cost of connection and electric 
service. This is less applicable to Malaysia and the richer countries in South-East 
Asia but even in Thailand and the Philippines it is estimated that less than half of 
the rural households can afford r.e. except at highly subsidized rates [27]. In 1977, 
a nationwide socio-economic survey undertaken by the National Electrification 
Administration (N.E.A.) in the Philippines found that the poorest majority were 
mostly by-passed by electric service. As a consequence, r.e. benefits are highly 
skewed towards the upper income groups [28]. 
A few examples of subsidy schemes which aim to assist poor household connections 
exist as in the Karnataka State of India and some tariff structures favour domestic 
connections, but these programmes are of small overall impact [29]. 
On a community level, electric lighting is also highly valued by consumers for the 
improved security benefits of street lighting. Beneficiaries of r.e. in the Philippines 
value the benefit of community facilities including street lighting, although some 
countries do not give street lighting much attention [30, 311. 
The community benefits of electricity for education are purported to arise from the 
access to educational television and the opportunity for literacy and adult education 
classes which can be held after dark, using electric lighting. 
In addition, health benefits to the community presumed to accrue from r.e. include 
the use of emergency radios, refrigerators for food and hospital supplies, health 
education and for electric pumps to increase a community's potable water supply. 
Electricity can be used to benefit the community in these ways, however r.e. 
projects rarely consider complementary investments to assure these important social 
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benefits are developed. For example, a 1981 survey by the National Rural Electric 
Co-operative Association (NRECA), found that 58 percent of health clinics in 
electrified villages in the Philippines were unelectrified [32]. Another survey of two 
rural electric co-operatives in Northern Luzon in the Philippines found that of 
eleven schools surveyed only four had electricity [33]. 
Any r.e. justified on the grounds of social services, however, must consider the least 
cost alternatives, for example, kerosene refrigeration for rural health clinics, 
photovoltaic panels' for community television and diesel water pumps are 
alternatives to grid electricity. If a society puts a high value on health, education 
and water supply, these alternatives should be considered. 
1.5 Indirect Benefits 
1.5.1 Rural-Urban Migration 
One of the major indirect benefits of r.e. is commonly considered to be its impact 
in stemming out-migration from rural areas into already heavily over-populated 
urban centres as this migration can contribute to the growth of squatter settlements 
and urban unemployment in the cities. The purported role of r.e. in stemming 
rural to urban migration is presumed to arise from improvements in the standard of 
living, employment prospects and incomes in rural areas, thereby reducing the 
imbalances between urban and rural areas. However, although it is difficult to 
monitor migration patterns the results from several impact studies have concluded 
that r.e. had little effect on migration [34]. 
Although amenities and household electrification are considered to improve the 
standard of living of rural people, a U.S.A.I.D. study of r.e. in Costa Rica 
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concluded that increased household electrification did not reduce out-migration 
[35]- This report also found that migrants into newly electrified areas were not 
influenced by the presence of electricity but rather were seeking employment 
opportunities and access to farming land. The finding that the presence of an 
electricity supply is not a major consideration of migrants is supported by a study by 
the Philippine Centre of Economic Development of the Cagayan Valley R.E. 
Project [36]. 
Furthermore, in relation to India, a U.S.ALD. sponsored study found that 
permanent out-migration was higher in electrified than non-electrified villages [37] 
A socio-economic impact study of r.e. in Pakistan found that there were cases 
where the development of new employment opportunities in electrified areas have 
attracted immigrants from non-electrified villages. However, it was noted that 
electrification had also started some emigration from electrified villages to towns 
and cities by people who had acquired new skills [38]. This may also explain the 
out-migration from electrified villages found in the Indian study. 
1.5.2 Employment Generation 
Proponents of r.e. believe that there are improved employment opportunities in 
rural areas with the introduction of electricity supplies. These employment benefits 
being related to the increased productive uses of electricity in agriculture and 
industry [39]. 
An NRECA report on the Philippine R.E. Programme stated that electrification 
provided labour savings through the use of electrical equipment while suggesting 
that there were significant employment gains in the project area [40]. Although this 
- 14 - 
is not necessarily a contradiction it highlights the complexity of the affect of r.e. on 
employment. Labour displacement because of rural industry mechanization may 
result in a lower aggregate employment in rural areas, however, mechanization 
cannot be solely attributed to electrification. Impact studies in Pakistan, Indonesia 
and the Philippines suggest that employment impacts of r.e. have generally been 
negligible [41, 42, 431. 
1.5.3 Political and Security Objectives 
Rural electrification is often considered to serve political objectives and may be 
"exploited" by national and local politicians. In planning r.e. programmes, technical 
and economic considerations are frequently superceded by political considerations. 
For example, until 1979, 62 percent of r.e. investment funds in Sri Lanka were 
disbursed at the discretion of local Members of Parliament and in Pakistan villages 
for r. e. were selected on the basis of political criteria until 1977, [44,45]. 
Significant parts of r.e. programmes in Malaysia, the Philippines and Thailand are 
explicitly justified and implemented to serve national security objectives [46]. Such 
projects aim to: 
Gain a high profile for the government in the rural areas, and unite the 
interests of the rural elite to the national government; and 
Ease the political and social conflicts resulting from inequalities of rural 
income distribution by ensuring the relatively poor obtain direct or indirect 
benefits from r.e. 
The Accelerated Rural Electrification programme in Thailand ranked potential 
project areas on the basis of development potential and political sensitivity and the 
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latter criterion meant the "degree of insurgency within a region" [47]. Also, in the 
Philippines, r.e. received a major political and financial commitment by the 
government because it was considered a valuable tool with which to win support 
away from the Communists in the rural areas [481. 
Evaluation of r.e.'s contribution to political stability is difficult to quantify but it is 
sufficient to note that political and security objectives from part of the criteria on 
which r.e. programmes are based in many countries. 
1.6 Rural Energy 
Rural electrification is only one way of satisfying rural energy requirements and 
should be considered in the context of competing rural energy priorities as well as 
only one of the ways of providing an "end-use' form of energy. In rural areas of 
many LDCs non-commercial energy sources predominate in fulfilling energy 
requirements. These include sources such as human and animal labour as well as 
firewood and agricultural waste. An analysis of the applications of energy sources 
and applications was carried out for an electrified Indian village by De Lucia (1983) 
[49]. The result of this analysis is shown in Table 1.1 below and highlights the use 
of non-commercial energy sources which accounted for almost 96 percent of all 
energy used in the village. 
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Table 1.1: Energy Balance for Ungra Village, India (x 10 6 IU per year) 
Energy 
Source Agriculture Domestic 
Applications 
Ligbting 	Industry 
(x 10 kJ per annum) 
I Total 
Human 213.5 498.2 - 132.7 844.4 
Animal 352.9 - - 32.6 385.5 
Firewood - 6,548.1 - 1,083.1 7,631.2 
Agro-waste - 678.2 - - 678.2 
Electricity 93.4 - 34.3 10.9 138.6 
Kerosene - 5.4 202.2 28.5 236.1 
Diesel 1.3 - - - 1.3 
Coal - - - 41.4 41.4 
Total 661.1 7,729.9 236.5 1,329.2 9,956.7 
Source: De Lucia R. J., 'Rural Energy Planning: A Systems Perspective', 1983, 
(Report for United Nations) Unpublished, pp.  2-6. 
The predominance of animate energy flows is notable in Ungra in agricultural and 
household activities. Similarly, woodfuel and agricultural wastes provide the main 
domestic energy requirements, mostly for domestic cooking. Electricity makes a 
marginal contribution to agriculture (14 percent), lighting (15 percent) and industry 
(1 percent) for a total of 1 percent of the overall energy flows. 
Electricity appears unlikely to substitute for the majority of these energy sources or 
even make much of an impact on any end use other than lighting for many years. 
The Asian Development Bank Energy Master Plan for Thailand, for example, 
concluded that in 1983 r.e. provided 0.2 percent rural cooking energy requirements, 
2.7 percent of rural lighting energy requirements and zero percent of agricultural 
energy flows. By the year 2000, r.e. is projected to provide 0.6 percent of rural 
cooking energy requirements, 15 percent of rural household lighting energy 
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requirements and 0.7 percent of agricultural energy flows in Thailand [50]. 
However, the pattern of energy use may change in many LDCs as the use of 
firewood causes deforestation which results in diminishing fuel wood resources and 
forces a shift to commercial energy sources including coal, kerosene, diesel oil and 
electricity. 
The problems of distributing energy to remote rural areas facing fuel wood 
depletion due to deforestation, has increased efforts to develop self-reliant 
decentralized systems based on locally available renewable resources. The feasibility 
of these systems depend on the relative costs of the different options for using these 
resources and competing fuels. In designing decentralized rural energy systems it is 
important that the end-use quality of energy is appropriate for the villages 
requirements. The renewable resources available in rural areas are biomass 
(including animal waste), solar energy, wind energy and small-scale hydro potential. 
1.7 Characteristics of Rural Electrification 
By their nature, rural electricity supplies provide electricity over large areas to 
relatively few consumers, compared to urban supplies. This results in rural 
electrification having some special characteristics and ensuant problems related to it. 
1.7.1 High Costs 
A major disadvantage of most r.e. schemes (which explains why private power 
utilities try to avoid r.e.) is the high capital costs and subsequent high unit costs per 
kWh. Even with contiguous generation, factors such as technical inefficiencies in 
transmission and distribution networks with low load factors all contribute to higher 
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costs in rural areas. With a system of small decentralized plants the costs are likely 
to be even higher as there is no economy of scale in the generation sector, unit 
capital costs in rural areas are generally higher and maintenance is difficult. 
As a result it usually requires governments undertaking the burden of funding r.e. 
projects in the form of grants or loans. Otherwise, the electricity authorities may 
have to increase tariffs as a means of financing these projects. This is not an 
unreasonable way of raising the finance required, as only a slight increase in the 
cost per unit to the large urban demand could finance the much smaller rural 
demand. However, as political power has its greatest strength in urban areas there 
is often strong resistance to subsidizing rural power consumption. Despite this the 
North of Scotland Hydro-Electric Board, for example, financed uneconomic 
electricity supplies to remote highland and island consumers by setting higher than 
economic tariffs for the city consumers and for bulk supplies to other generating 
boards [51]. 
The high costs of r.e. are compounded by the low revenues from consumers in the 
early years of development. Initially, at least, it is essential that electricity is 
supplied cheaply to rural communities, otherwise the rate of growth of demand for 
electricity would be stunted. - 
1.7.2 Low Level of Demand 
Forecasting the likely level of demand for electricity in rural areas is important 
because the demand will both determine revenue from sales and unit costs. R.E. 
programmes usually have a low proportion of potential consumers initially 
connected combined with a low rate of growth in the number of new consumers 
connected in the early years. 
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As r.e. progresses it is inevitable that as distances from the supply centre increase, 
and new load centres get smaller, the marginal cost of supplying each new consumer 
rises. In LDCs an initial burst of r.e. is often followed by periods of limited 
growth. As costs generally increase, the tendency to stagnation is enhanced and 
delays in electrification programmes result except when a government regards r.e. as 
a national objective. Such r.e. programmes often have substantial subsidies where 
electricity prices rarely reflect costs. 
Another factor influencing demand is the quality of electric service and reliability of 
the supply, particularly for industrial consumers. Poor quality service often results 
in industries relying on autogeneration. 
In some areas of South-East Asia, a combination of technical, financial and 
administration difficulties has led to long delays in providing consumers with 
connections due to poor quality of electricity supply both in terms of frequent 
blackouts and voltage fluctuations [52]. 
1.7.3 Technical Problems 
Rural electricity schemes in LDCs are especially vulnerable to technical problems. 
Local workforces are unlikely to possess the required skills to operate and maintain 
an electricity system. In addition, it often proves difficult, to recruit the quality of 
technical staff required on a permanent basis because those having the skills are not 
prepared to live and work in rural areas. 
Problems of maintenance are compounded when there is a lack of standardization 
of equipment, often as a result of unco-ordinated r.e. programmes implemented by 
different agencies. It is essential that a country standardizes its electrical system so 
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that electrified areas can be interconnected via a transthission grid at a later stage if 
necessary. Equipment and standards used should be chosen with consideration to 
local climatic conditions, topography as well as future operation and maintenance. 
The technical considerations and institutional and management issues are critical 
factors in the development of r.e. programmes and these are considered in detail in 
the following two chapters. 
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CHAPTER TWO 
RURAL ELECTRIFICATION: MANAGEMENT ISSUES 
Management of r.e. programmes is a key area in their effectiveness and success. 
Management issues of such programmes can be divided into two fields, firstly 
institutional management of the various technical and administrative bodies and 
secondly, financial management of r.e. programmes. 
2.1 Institutional Management Issues 
There is a wide range of institutional arrangements for organizing and 
implementing r.e. programmes. The organizational and management element is an 
important part of any programme's success. The diversity of tasks associated with 
r. e. programmes requires special institutional arrangements within the government, 
electric utility and at the local administrative level. 
2.1.1 Agency Structures 
Rural electrification agencies may have different structures but generally fall within 
the following four categories: 
National power utility with r.e. responsibility, 
Regional/Provincial agency with r.e. responsibility, 
National agency with unique mandate for r.e., 
Local agency with r.e. responsibility. 
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It should be noted that in many countries a combination of the four categories is 
used. 
The diversity of agency types exists among the four countries of Indonesia, 
Malaysia, Philippines and Thailand within South-East Asia and are shown in Table 
2.1 below [1]. 
Table 2.1: R.E. Agency Structures 
Country 
(i) 
Category (as detailed above) 
(ii) 	 (iii) (iv) 
Indonesia PLN (G,T,D) Provincial PDO(F) R.E. Co-operatives 
Government (G,D) 
(G,T,D) 
Malaysia NEB (G,T,D) SESCO (G,T,D) 
(Peninsular (Sarawak) 
Malaysia) SEB (G,T,D) 
(Sabah) 
Philippines NEA (F) RE Co-op (G and 
primarily D) 
Thailand PEA (G,T,D) 
(primarily D) 
Functions: G - Generation 
T - Transmission 
D - Distribution 
F - Financing (this is listed where an agency exists 
primarily to finance r.e. programmes) 
Note: A list of abbreviations is given at the beginning of the thesis. 
Sources: Field notes and Annual Reports of R.E. Agencies 
Specific problems arise in relation to all four types of agency structures and manifest 
themselves to a greater extent when a combination of agency structures is adopted 
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in one country. 
The major problems encountered are:- 
- 	The difficulty of integrating non-technical sociological and developmental 
issues in traditionally engineering oriented organizations. 
- 	The rural nature of the task poses difficult technical, administrative and 
staffing problems. 
- 	The high degree of inter and intra-agency co-ordination required for 
implementation. 
The diversity of organizational structures has resulted from the different historical 
origins and institutional traditions in the electricity supply industries in the region. 
In the Philippines, the creation of a national agency, - the National Electrification 
Administration (NEA) linked to multiple distribution co-operatives was inspired by 
the U.S. approach to r.e. in the 1930's [2]. This new structure, developed from the 
1960's, aimed at rationalizing the pre-existing haphazard and isolated local private 
utilities [3]. The NEA employed financial control and direct national intervention 
into the local agencies from the outset of the r.e. programmes and subsequently was 
directly involved in planning, construction and commercial management [4]. 
The primary rationale for a separate agency for r.e., such as the NEA in the 
Philippines and the Provincial Electricity Authority in Thailand, is to increase the 
level of organizational commitment and motivation of an r.e. programme. 
The situation in Indonesia reveals the special problems facing formative r.e. 
programmes in a relatively poor country, which is mountainous and an island 
archipelago. The Government of Indonesia has moved the responsibility of r.e. 
from a central utility-monopoly (PLN) unable or unwilling to undertake a large- 
-26- 
scale r.e. programme, to a multi-agency venture resulting in duplication and a 
proliferation of technical standards [5]. 
Central power utilities are often reluctant to incur the heavy financial burden of r.e. 
and utilities such as PLN in Indonesia have resisted large scale r.e. [6]. Significant 
commitment to r.e. programmes by central utilities such as the NEB of Malaysia 
has usually only occurred after commitment of central government subsidies to 
underwrite the losses involved in r.e. [7]. 
Clearly it is important to minimise the effects of the three major problem areas 
arising in relation to r.e. agency structures, namely integration with non-engineering 
goals, the technical administration and staffing difficulties peculiar to the rural task 
and the co-ordination of inter and intra-agency structures. Institutional 
fragmentation can serve to magnify these problem areas so that for a large scale r.e. 
programme to be developed, either a strong separate division within a national 
utility committed to r.e. must be set up, or an r.e. agency with the sole function to 
develop r.e. is necessary. 
2.1.2 Agency Functions 
An effective r.e. organization must fulfil a variety of functions and these must be 
managed and controlled efficiently if the development of an r.e. programme is to be 
successful. The major functions of an effective r.e. organization are listed below. 
1. Policy and Programme Formulation 
- 	External: Integration of development of the r.e. programme to national 
development. 
- 	Internal: Research into electricity demand and costs of supply to rural 
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areas. 
- 	Approval of r.e. projects using, for example, statistical information flows 
Central Planning of Programmes: 
- 	Financial Forecasting for costing purposes 
- 	Budgeting 
- 	Market Identification 
- 	Inter and Intra-Sectoral Co-ordination 
Secondary Planning 
- 	Engineering Planning 
- 	Project Design 
- 	Project Monitoring and Evaluation 
Construction 
- 	Right-of-way clearance 
- 	Construction of plants 
- 	Equipment procurement 
- 	Project cost control 









- 	Consumer Relation and Load Promotion 
Personnel 
- 	Training 
- 	Job functions 
- 	Consultants and contractors 
The commercial issues and certain aspects of central planning fall within the area of 
financial management and are considered in more detail below (section 2.2). Those 
functions relative to technical issues - secondary planning, construction and 
operation, are dealt with separately in Chapter 3. It is only certain aspects of policy 
and programme formulation, central planning and personnel which are institutional 
management issues and highlighted in this section. 
2.1.3 Centralization and Decentralization 
Rural Electrification is inherently a rural activity where the construction, operation 
and maintenance of an r.e. system requires physical decentralization of r.e. agency 
functions throughout a country. R.E. agencies in South-East Asia have different 
levels of functional decentralization. 
Table 2.2 shows the different emphasis on the relative centralization and 
decentralization of functions by the PLN in Indonesia and the NEA of the 
Table 2.2 Centralized and Decentralized Functions of the PLN, Indonesia 
and the NEA. Philippines 
Implementing Agency - PLN, Indonesia Implementing Agency - NEA. Philippines 
(R.E. Sub-Directorate - established 1976) 
FUNCTIONS CENTRALIZED DECENTRALIZED CENTRALIZED DECENTRALIZED 
Head Office, PLN Regional Offices, Head office, NRA Contractors, 
Contractors Co-operatives, 
 Programme and PLN Board (not Board of Directors 
and Policy including RE Sub- 
Formulation Directorate) 
 Central PLN, RE Sub- NRA, loan 
Planning Directorate allocations and 
financing 
 Secondary PLN, RE Sub- Maps and design for Some Co-ops plan 
Planning Directorate new Co-ops extensions 
 Construction PLN Regional Office, Supervise only Contractors, 
Contractors Co-ops, 
 Operation PLN Regional Office Co-ops 
(few KUD Co-ops provide 
local maintenance) 1 / 
 Commercial PLN sets tariffs PLN Regional office Approve tariffs Co-ops set tariffs 
Office bill and collect 
revenues 
 Personnel PLN RE Sub-Directorate Screen management of Co-ops 
Co-ops, NEA conduct 
training 
Source: Fieldtrip Notes, 1984 	 1/ Village co-operative 
NICE 
Philippines. Both PLN and NEA exhibit a highly centralized approach to planning 
and r.e. agencies of each of the four types detailed above (section 2.1.1) generally 
centralize planning, procurement, construction and commercial/financial functions 
at the outset of an r.e. programme. 
At the beginning of a programme centralization is designed to provide the initial 
organization and to undertake the financial burden of a rapidly expanding 
programme. As a programme develops the agency often decentralizes many of the 
construction and operational functions to regional or local agencies. Thailand's 
PEA central R.E. Office, for example, retains only central planning and 
supervisory functions [8]. Malaysia's NEB central R.E. Office retains only long 
range planning [9]. 
The institutional arrangements to support small-scale, decentralized and renewable-
based r.e. projects constrain the rapid diffusion of technological alternatives for r.e.. 
These arrangements vary from the fragmented and unco-ordinated approach of 
multiple agencies, wholly external to the power utility, to the central role played by 
the NEA in the Philippines in developing dendrothermal technology (see Chapter 
4). 
The key issue is to link resources at the national level (such as credit and research 
and development capability) with local management responsible for operation and 
maintenance and local financial management. 
2.1.4 Inter and Intra-Agency Co-ordination 
Effective r.e. programmes require co-ordination at a national, regional and local 
level, both internally and with respect to agencies supplying complementary inputs 
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for rural development. 
As electricity is only one infrastructural requirement for rural development, the lack 
of other inputs such as roads, markets, credit facilities and appropriate technology 
may constrain the growth of electricity demand. Other .agencies must work together 
with an r.e. agency if such limiting factors are to be minimised. The approach of 
the r.e. agency itself must incorporate an appreciation of the role of r.e. in general 
rural development and not consider itself in isolation. 
In Indonesia, an NRECA official stated in an interview that the r.e. co-operatives 
have not co-ordinated complementary inputs and the project has been viewed 
essentially as an engineering rather than a development project [10]. Clearly, if this 
is the case, the contribution of these r.e. agencies to rural development will be 
restricted. 
A high degree of inter-agency co-ordination is required for successful r.e. 
implementation in category (ii) and (iii) projects and in any programme which uses 
a combination of agency structures especially in the following areas: 
- 	power sector planning of generation, transmission and distribution; 
- 	complementary rural development programmes; 
- 	technical standards and specifications; 
- 	budgetary issues; and 
- 	setting of tariffs. 
Co-ordination of r.e. programmes with the power sector is of major importance as 
the development of r.e. will greatly depend on the development of adequate 
generation capacity and a transmission system. In its appraisal of the Pakistan R.E. 
programme, for example, an Asian Development Bank report (1983) noted that r.e. 
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would worsen the shortages of electricity supply [11]. In 1983, USAID's evaluation 
of the same R.E. programme stated that the cost of providing the US $600-800 
million for the r.e. - related generation capacity exceeded the direct cost of the r.e. 
distribution system [121. Investments in r.e. with such major implications for the 
generation plant shows the need for a careful review of additional r.e. projects in 
the short and medium term. 
In Thailand, for example, power sector co-ordination is achieved by a Load 
Forecast Working Group from the National Planning Agency with representatives 
from the three electric utilities and the National Energy Administration [13]. 
The problem for r.e. project design is complicated by rural energy planning rarely 
being undertaken by an r.e. agency. Some agencies such as the NEB in Malaysia, 
focus mainly on mini-hydro alternatives and ignore other renewable energy sources. 
However, other agencies such as PLN in Indonesia investigate a wide range of 
alternative r.e. technologies including solar, mini-hydro and geothermal [14]. 
For the development of renewable resources the management options include the 
creation of a separate division within an r.e. agency or the establishment of a rural 
energy planning unit, covering electrical and non-electrical technologies. Such a 
unit could identify resources, determine feasibility, procure funding and set 
guidelines for use. 
With regard to co-ordination of technical standards and specifications for r.e. 
projects, cost reductions can be obtained primarily by avoiding over-investment in 
reliability in projects where electricity consumption is primarily used for household 
lighting. Furthermore, different and conflicting standards can arise in part from 
tied aid requirements and from local manufacturing interests. Project appraisals 
should examine the institutional arrangements and management practices for setting 
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technical standards in r.e. projects. 
2.1.5 Personnel 
In the early phase of rapid r.e. expansion, management and supervisory staff are 
often in extremely short supply. Countries such as India and Thailand recognized 
the need for major training programmes to strengthen these staffing levels. The 
REC in India, for example, established thirty-seven training centres in eighteen 
states [15]. 
Another problem arises in the availability of skilled staff at the outset of the r.e. 
programme. One advantage of using the national or regional power utility for r.e. is 
that the existing organizational structure and staff can be re-deployed relatively 
easily to the programme. 
As an r.e. programme develops, attention shifts from construction to greater 
emphasis on operations and maintenance (0 & M) and long range planning. 
Agencies are staffed mainly with technical personnel and are often weak in non-
technical staff [16]. Rural electric co-operatives in the Philippines barely 
distinguish between construction and 0 & M which tends in consequence to be 
neglected [17]. The NEA itself lacks financial and planning staff capable of re-
orientating and training the co-operatives in these crucial commercial and 
maintenance functions, although it has already developed an array of training 
programmes for co-operative and agency employees. 
Low wage levels in the NEA has resulted in high staff turnover which may reduce 
morale and operating efficiency of an r.e. agency and so wage levels should be a 
major consideration in project appraisal [18]. Related to the wage levels are staff 
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incentives for serving in decentralized functions where there can be serious 
problems in recruiting management staff to work in generation or construction 
supervisory roles in inaccessible or undeveloped areas. At the Luwu and Lombok 
R.E. Co-operatives in Indonesia (see Chapter 5), for example, management cannot 
obtain qualified personnel and the salary system does not permit reward for merit 
nor removal from employment for low or even zero productivity [19]. 
Certain construction, maintenance and commercial functions such as local 
maintenance and revenue collection can be decentralized outside of the r.e. agency 
altogether. Construction has often been contracted out to the private sector in the 
countries of S.E. Asia. Training of contractors early in the programme is an 
integral part of project design and is strongly emphasised in Thailand and the 
Philippines. 
Finally, it would be possible to link national and regional capabilities with local 
organizations such as private voluntary organizations, private firms or universities. 
This arrangement would utilise the skills and finance of an r.e. agency for planning 
and construction while the local agency would be responsible for operation and 
maintenance. 
2.2 Financial Management 
Capital for investment in r.e. comes from three main sources, firstly government 
subsidies, secondly international loans or grants from overseas governments, aid 
organizations and less commonly from commercial banks at market interest rates, 
and thirdly the r.e. agencies themselves. 
Government subsidies for capital investment in r.e. often take the form of interest 
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free loans. In this case, other sectors of the economy are effectively contributing to 
the costs of r.e.. Operation and maintenance costs and loan repayments should be 
financed through revenues from the electricity consumers. 
International aid in the form of grants and low interest loans are also a major 
source of funds for capital expenditure on r.e. programmes in LDCs. Rates as low 
as 2 percent and grace repayment periods of ten years or more are not uncommon 
in the case of loans from international aid organizations. 
A viable r.e. programme requires an agency which is capable of managing and 
recovering a substantial proportion of its costs from r.e. consumers. As there are 
limits to the degree of direct government aid of any development programme, the 
r.e. agency is responsible for setting tariffs which will generate a reasonable rate of 
return on the investments in fixed assets and also a sustainable rate of self-
financing. 
Whilst tariffs are levied to meet these principal objectives they are also used to: 
cross subsidize costs to consumers, achieve price stability, and provide 
minimum service to the poor; 
facilitate metering, billing and collection; and 
achieve political objectives. 
This section studies the current tariff structures within the countries of S.E. Asia. 
The subsidy flows to r.e. and the relative subsidy rates to different consumer 
categories are estimated and the financial losses incurred in r.e. projects are 
outlined. It also examines the commercial practices and tariff-related financial 
issues for consideration in project appraisal and design. 
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2.2.1 Electricity Tariffs 
The elements of costs involved in the production and supply of electrical energy are: 
The fixed costs, namely, interest on borrowed capital and depreciation charges 
of the plant and equipment; 
Running costs for operation and maintenance of the plant, fuel, lubricants and 
other materials; 
Consumer charges for expenses incurred in meter reading, preparation of bills 
and collection of money; 
Establishment and administration expenses. 
In formulating tariff rates for electricity supply it is necessary to allocate the 
expenses of providing the service among the different classes of consumers including 
residential, commercial, industrial and agricultural. The patterns of consumption 
by these classes of consumers are usually distinct. For example, a 'domestic 
lighting' consumer may have a load of between 100-400 watts at a load factor of 
10-20 percent whereas a large industrial consumer may have a load of several 
thousand kWs operating at load factors as high as 90 percent. 
The costs per kWh for servicing these different categories of consumers are not 
identical. For example, the actual costs per kWh consumed by the average 
domestic consumer will be higher due to the high costs of distribution facilities, the 
low load factor, the increased expenses per consumer for meter reading, billing, 
collections and other consumer services. 
The cost of electricity is also higher in rural areas than in urban areas because of 
the scattered loads and the heavy transmission losses [20]. Therefore, from a 
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strictly commercial view, electricity tariffs should be higher in rural areas than in 
urban areas. However, this should not be the case in practise as the economic 
conditions in underdeveloped rural areas are generally much worse than in urban 
areas. Also, in order to promote electricity for development purposes, rural rates 
must actually be lower than urban rates, at least in the initial stages. The costs of 
rural electricity can be lowered by increasing the demand for electricity but this 
depends on the development potential of an area and the promotional activities of 
development agencies, including the setting of promotional tariff rates. Any setting 
of tariffs will also have to consider consumers' ability to pay for electricity as well as 
the governments' willingness to provide subsidies. In economically backward areas, 
a government may decide to continue subsidized rates for political and social 
reasons [21]. 
Price fixing in electricity has social, economic, political and administrative aspects 
and, as circumstances change, no technique of rate fixing can give a permanent 
solution. The structural characteristics of r.e. tariffs in the South-East Asian region 
are given below. 
2.2.2. R.E. Tariff Structures 
The structural characteristics of r.e. tariffs in Indonesia, Malaysia, Philippines and 
Thailand are shown in Table 2.3. As can be noted from the table fixed and 
variable demand charges and energy charges are the elements of the wide variety of 
tariffs in the region. 
Table 2.3 Domestic/Residential Tariffs 
Country Indonesia Malaysia Philippines Thailand 
Utility PLN NEB ISECO (1) PEA 
Year 1984 1983 1983 1983 
Currency Rupiah (Re ) K ($) Pesos (P) Baht (B) 
'Social Tariff' 	(2) 200 VA 100 kWh 10 kWh N/A 
(Low Consumption) 
Fixed charges/month - - P9.65 
Demand charges Rp 25.1/VA (3) - 
Energy charges - M$0.2/kWh (3) 
Demand/Fixed Charges 
Fixed amount/month - P9.65 (3) B5 




over 6601: 3680 
Energy Charges VA: 	Rp/kWh kWh: 	M$/kWh KWL: .f/kWh kWh: 	JkWh 
Block Rates 1-250: 0 1-100: 	0.200 1-10: 	0 1-15: 0.7 
250-500: 70.5 101-1000: 	0.23 over 10: 0.965 16-25: 0.9 
501-2200: 84.5 over 1000: 	0.25 (uniform rate) 26-35: 1.17 
2201-6600: 126.5 36-100: 1.65 
over 6600: 158.0 101-300: 1.83 
301-400: 2.04 
over 400: 2.11 
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Notes to Table 2.3 
This is a co-operative showing typical structure but does not represent average 
or median tariff rates for different co-operatives throughout the country. 
Permissible level of consumption entitling consumer to reduced rates. 
Refers to or includes reduced rates. 
N/A - not applicable. 
The Indonesian and Malaysian tariffs cover both rural and urban areas while 
tariffs for the Philippines and Thailand refer to non-metropolitan tariffs. 
Exchange rates equivalent to U.S. $1; - Philippines (pesos) - P14.0; Thailand 
(baht) - B22.5; Indonesia (rupiah) - Rpl000; Malaysia (ringgit) - $2.3 
Set out in Appendix 2 are further details of tariff rates in Indonesia, Malaysia, 
Thailand and the Philippines. Tariff schedules are also made up of residential, 
commercial, industrial and agricultural tariff rates [Appendix 21. 
Residential tariffs are split into fixed and energy charges for each of the four 
countries with the exception of Malaysia. The tariff paid by the consumer is the 
total of the fixed, demand and energy charges. In the load-related component, 
either a fixed kW-level charge or a charge varying with kW demand is used. 
The fixed charges are applied to residential consumers in the Philippines and 
Thailand and varying demand charges are applied to residential consumers in 
Indonesia. A flat rate for energy charges is applied in the Philippines whereas 
inclining energy block rates are applied in each of the other three countries [See 
Table 2.3]. Thailand is the only country not to provide an explicit 'social tariff' to 
very small residential consumers, however a low cost energy charge is incorporated 
into the tariff schedule for small consumers. 
OEM 
Commercial tariffs are shown in Appendix 2 and these generally split into fixed and 
energy/demand charges. Unit demand charges are generally constant for small 
commercial consumers however in Indonesia, unit demand charges fall for large 
commercial consumers. Energy charges for small commercial consumers are also 
provided in block-rates, generally on an inclining basis as consumption increases. 
In Indonesia, however, large consumers face a peak charge greater than the small 
consumer rate, and an off-peak rate substantialy less than the small consumer rate 
[221. 
Industrial tariffs are also shown in Appendix 2. For industrial consumers, demand 
and energy charges decrease as demand and energy consumption increases. 
Peak/Off Peak pricing is applied only to energy charges in Indonesia. 
Agricultural tariffs are shown in Appendix 2. These do not apply in Malaysia and 
Indonesia while in the Philippines and Thailand demand and energy unit costs are 
generally uniform with increasing load and consumption. Agricultural consumers 
may have restrictions on time-of-use of electrical machinery in the Philippines and 
Thailand as shown in Appendix 2. 
2.2.3 Financial Viability and Subsidy Flows 
While provincial cities and large scale industries may provide the basis for 
financially viable r.e. projects and economically dynamic rural regions may support 
financially viable r.e. projects, most rural projects do not seem to be financially 
self-sustaining. The first indicator of this is the reluctance of national and regional 
utilities to undertake r.e. projects and the uneven coverage by the remaining local 
private utilities. The second indicator is the evidence of considerable direct net 
financial losses to utilities on their r.e. programmes. 
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In Indonesia the state electricity board, PLN, has been cautious about increasing 
losses from large scale r.e. development [23]. A 1982 USAID evaluation of the 
rural electric co-operatives in Indonesia [see Chapter 51 concluded that none of the 
co-operatives would be more than marginally financially viable [24]. 
Also, according to an Asian Development Bank consultant's review (1983) most of 
the Philippines rural electric co-operatives were in a very poor financial situation 
[25]. Of the total of one hundred and three co-operatives, twenty-five operated in 
1982 with tariffs set too low to cover power and operating expenses. A total of 
forty-five co-operatives had fixed rates with insufficient margin to cover operating 
expenses and depreciation and sixty co-operatives failed to generate sufficient funds 
to maintain loan repayments to the NEA [26]. 
Despite their financial unviability, r.e. programmes continue to expand as large 
subsidies sustain the projects. Subsidy flows via government equity to cover unpaid 
bills, tariff-related transfers and cheap finance are large. Taking the Philippines as 
an example, government equity is used to enable NEA to meet its loan obligations, 
incurred on behalf of r.e. co-operatives [27]. These co-operatives have often failed 
to collect from tariffs, sufficient revenues to repay loans extended by the NEA. 
Thus the equity investment receives no dividend repayment and is eroded as NEA 
uses these funds to satisfy the co-operative loan repayments [28]. 
2.2.4 Long Run Marginal Costs 
Electric utilities in South-East Asia have generally based their tariffs on the average 
cost of supply. This traditional approach has some advantages in the relative ease 
and reliability of calculation for different consumer categories at various voltage 
levels. Tariffs reflecting average cost guarantee that overall costs will be covered 
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and that the utility will be financially viable, provided the utility can adjust tariffs 
periodically for increasing fuel costs [29]. 
This accounting approach does not necessarily take into account the future costs 
however, and the World Bank has encouraged utilities to adopt long run marginal 
cost (LRMC) - based tariffs to reflect these anticipated changing cost conditions 
[30]. LRMC-tariffs involve attributing system-wide averaging costs to loosely-
defined consumer groups, the average consumer behaviour of which may vary 
internally more than across the classes themselves. This implies that consumers 
should be charged differently only if their load and demand characteristics vary 
significantly, and not because they belong to a different economic sector. 
Munasinghe and Warlord (1982) in an analysis of long run marginal costs for 
power utilities in several LDCs suggested that, - 
'The LRMC approach structures prices so that they vary according to marginal 
costs of serving demands: by different consumer categories, in different seasons, at 
different hours of the day, by different voltage levels and in different geographic 
areas" [31]. 
The problems associated with LRMC calculations are that they rely on forecasted 
load and demand and a 'least-cost' system expansion path to meet the forecast 
demand. Such forecasts can be very unreliable and the resulting uncertainty is 
passed onto the LRMC calculations [32]. Technical coefficients required for 
LRMC calculation (such as cost escalation rates and consumer loads) are assumed 
and are highly uncertain and the choice of shadow prices, discount rates and 
lifetime of equipment is also essentially ad hoc. The net result is more an 
indication of a trend than a reliable set of numerical targets. 
The first constraint on tariff adjustment is the straightforward political difficulty of 
raising electricity tariffs. The second constraint is the existence in countries like 
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Indonesia of heavily subsidized diesel or kerosene, which lowers the effective 
switching price from electricity to the competing technologies. The third constraint 
is the desire to provide the poor with electricity on the grounds of equity or for 
political reasons. 
Since the late 1970's many LDCs have conducted LRMC tariff studies which 
included the r.e. system. A World Bank Publication (1982) included a study of six 
Philippine R.E. Co-operatives which revealed tariffs ranging from 51 to 131 percent 
of the calculated LRMC [33]. The Philippines examples also show a wide 
variability in the relationship between LRMC and average costs. The co-operatives 
(with one exception) all would have had to increase tariffs merely to cover average 
costs, although in some cases (for example, co-operative B) the adjustment from 
current tariff to LRMC is less than that required to meet average costs. (Table 
2.4). 




Existing average rate Average costs LRMC average rate 
A-Luzon 0.29 0.31 0.43 
B-Luzon 0.40 0.54 0.49 
C-Luzon 0.42 0.45 0.48 
D-Mindanao 0.76 1.23 0.58 
E-Mindanao 0.25 0.48 0.49 
F-Visavas 0.77 1.00 0.81 
Source: Munasinghe M. and J. J. Warlord, 1982, p.  197. 
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As the implementation of LRMC is constrained by non-economic factors 
economists have not been able to apply strict LRMC tariffs. However, in 
conditions of changing costs, average costs and LRMCs are useful indices for setting 
tariff rates. 
2.2.5 Ability to pay 
The ability of the various types of consumer to pay is an important factor in setting 
tariffs. Table 2.5 presents two indices of affordability of r.e. to household 
consumers in the S.E. Asian region. Firstly, initial connection/meter and house 
wiring costs are compared to monthly household income in low income groups. 
Secondly, monthly electricity bills for low income households are compared to 
monthly kerosene costs [34]. 
Table 2.5 shows that the ratio of initial costs are likely to be a significant obstacle to 
connection for poor families. It should also be noted that real initial costs to the 
consumer may be understated insofar as bribes required for connection are common 
in Indonesia [35]. 
Table 2.5 also shows that electricity costs significantly less than kerosene fuel in 
Thailand whereas minimum electricity costs are substantially higher than kerosene 
expenditure in Malaysia and Indonesia [36]. Where minimum electricity bills are 
substantially greater than kerosene expenditure low-income households must be 
willing to pay more for lighting than previously, if they are to make use of electric 
lighting. - 
In Thailand the initial costs of household electrification are financed by consumers 
without special credit terms extended by the power utility [37]. In the other 













FOR LOW INCOME 
HOUSEHOLD/MONTH 
KEROSENE 
USE FOR LIGHTING 
PER MONTH 
COST/MONTH 
Malaysia 1983 Average disposable Wiring and $20/month N/A tl$8.8/househo 
(NEB) income deposit (for lOOkWh) 
M$225- 312 M$200-250 
. 	 Indonesia: 
Lombok 1983 Rp 6,000 Rp 21,000 Rp 4020 (for 200VA) 15 litres! 
-24,000 250kWh household Rp 1,125/hous 
(at Rp 75/ltr) hold 
Klatan 1980 <Rp 18,000 Np 50,000 for installation and Rp 1098 Rp 600 
wiring and Rp 4,000 deposit 
I. 	Philippines 1983 P372-1915 Free up to P325 £9.65 (for lOkWh) N/A N/A 
30 metres 
i. 	Thailand 1983 N/A B4,000 B1,500-2,000 5 (for 5kWh) 15 litres/ B99.75/house- 
household hold 
N/A - Not Available  
Sources: - Malaysia National Electricity Board, Malaysia, 1984 (Fieldnotes); 
- Institute for Social and Economic Research, Jakarta, Indonesia, 1984 
- N.E.A. 
- P.E.A. 
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countries loans are extended on varying terms to finance initial costs. For example, 
in the Philippines, soft loans were provided by the r.e. co-operatives to poor 
households to cover the average house wiring cost of P325. Meters were provided 
free and connection was free up to thirty metres from the service drop-point [38]. 
At Kiaten, in Indonesia, consumers were offered an installation package which 
spread payments over four years [39]. 
Despite the importance of the initial cost barrier in many r.e. projects, r.e. 
appraisals often underestimate the importance of household credit. In a Philippines 
appraisal there is no examination of affordability obstacles to the goal of electrifying 
4-500,000 households per year [40]. As household credit programmes face high 
overhead costs, which often exceed the loan principal, utilities and banks are wary 
to back such programmes. One way of solving this problem is to include the 
monthly loan repayment in the monthly electricity bills, as in the fleco r.e. co-
operative in the Philippines [41]. The practice also links non-payment of loans to 
disconnection for arrears on electricity bills, increasing loan repayment incentive. 
While credit programmes covering initial costs may be justified in r.e. programmes 
there is generally less justification for subsidizing the monthly bills. If consumers 
cannot afford subsidized credit for initial costs, they are unlikely to afford 
subsidized monthly electricity bills. 
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The distribution systems for rural electrification consist of the following five basic 
elements:- 
High voltage (HV)fMedium Voltage (MV) substations providing 
transformation of transmission or subtransmission voltages to an intermediate 
MV level for the distribution network. A substation consists of a power 
transformer, together with the necessary switchgear, automatic protection 
devices, voltage regulation equipment and MV feeders, 
The MV distribution network which has 3 phase feeders and single phase 
laterals with operating voltages normally between 6-33 kV, 
Medium Voltage/Low Voltage (LV) distribution transformers which step down 
the distribution voltage to service voltage levels. Each transformer or 
transformer bank supplies consumers over it's secondary circuit, 
LV secondary distribution with operating voltages between 110-440 V, and 
Consumers service connections and meters. 
The above represents the simplest and least expensive method of providing 
electricity supplies to rural areas, by means of extensions from existing LV grid 
networks in the locality. However, there are many LDCs where the extent of such 
a network is small and there are large areas within the country far from the major 
generating and supply centres. In these remote areas, electrification often starts 
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with small local generators (auto-generation) and a local distribution network which 
may be interconnected to a transmission system at a later stage. For this process of 
non-contiguous electrification the prime movers are likely to be diesel engines, small 
steam turbines, small hydraulic machines, or possibly, solar and wind generators. 
Depending on the size of the system the generating capacity required may be a few 
kilowatts up to several megawatts. 
The distance, terrain and access to an area to be electrified and the required 
reliability of the electricity supply all influence the project costs. The final choice of 
system will be largely influenced by the comparative costs, prevailing discount rates, 
electricity demand and predicted load growth 
Although the technology for r.e. is well developed careful consideration must be 
given to the design and layout of the distribution networks along with the choice of 
standards and equipment used. This chapter examines the basic designs, standards 
and practices adopted in the predominantly grid based r.e. programmes in 
Thailand, Indonesia and the Philippines. The theme underlying the comparative 
analysis is to identify ways of reducing costs and the minimum technical standards 
necessary to ensure that the construction practices that are followed, and the quality 
and reliability of electricity supply that are aimed for, are appropriate for rural 
loads. 
3.1 System Design 
The major tasks involved in the distribution of electric power are to design, 
construct, operate and maintain a distribution system that will supply adequate 
electric service to the load area under consideration, for present and future 
requirements, at the lowest possible cost. There is no one type of distribution 
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system which can be applied economically in all load areas and there are several 
factors to be considered before deciding on a suitable system. 
Important factors in the design of a distribution system include; - 
- 	The size and terrain of the project area and the existence of, or plans for, a 
LV grid which governs the area to be covered by MV feeders and thereby the 
choice of optimum MV distribution voltage; 
- 	The positions of concentrated loads such as villages or light industries which 
dictate the routes of the main MV feeders; 
- 	The identification of small communities with small forecast loads which can be 
supplied through a single phase lateral from the primary distribution network; 
- 	The ratio of single phase line length to three phase primary network length if 
the MV neutral is to be distributed throughout the system; and 
- 	The average resistivity of the ground over which the line passes which 
influences earthing costs and governs earthing methods. 
It is of major importance whether there is an existing system in the area because if 
one does exist, it is difficult to justify the replacement of one system by another in 
economic terms. It is also unreasonable to develop two different systems in the same 
area as the additional difficulties involve not only investment costs but also 
problems of development co-ordination, control of equipment and staff training. 
The overall design features of the r.e. systems in Thailand, Indonesia and the 
Philippines are shown in Table 3.1. 
Table 3.1 Design Features of RE Systems 
untry 
Grid 
Substations for RE 
HV 	Typical 
(kVI MVA Rating 
Primary 
MV 	Distribution 









Voltage (v) 	Phasing 
Fgq 
(Hz) 
Thailand 69,115 25 22 1 !' 3 wire 22 iph & 30,100 400/230 
3ph, 4 wire 50 
33 4 wire 19,33 3ph 230 lph, 2 wire 
conventional 460/230 iph, 3 wire 
Indonesia 1 	70,150 5-60 20 3 wire 20 3ph 100 220V iph, 2 wire 50 
conventional 
20  wire 12.8 iph 10,25,50 440/220 iph, 3 wire 
conventional 
and CSPt 380/220 3ph, 4 wire 
Philippines 69 5-10 13.2 4 wire 7.62 iph CSP 5,10,15 240 iph, 2 
wire 60 
Notes ,. 	I. Predomthent 
2. CSP - Completely self protected (see Notes to Chapter, No. 12) 
I, t 
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3.1.1 Dual Networks 
Table 3.1 shows that each of the three phase primary distribution systems has a 
corresponding single phase system used for lateral connections to the MV feeders. 
Several dual networks exist and the variants can be grouped into two types. The 
first has the MV neutral spread the whole length of the primary distribution 
network. The three phase lines therefore have four conductors (3 phases and 1 
neutral). The neutral is earthed over the entire length of the system and single 
phase circuits are connected between one phase and the earthed neutral [1]. A 
special case of single phase electrification is where the ground is used as the return 
conductor, and this system is known as Single Wire Earth Return (SWER) and has 
been used for r.e. in Australia [2]. For the second type of dual network the MV 
neutral is not supplied and the MV main lines have three conductors with single 
phase circuits connected between two phases. This is the predominant system in 
Thailand which reflects the use of European designs and standards. 
Both types of systems can be used for radial distribution which is the most common 
method for serving light and medium density load areas, where the primary and 
secondary circuits are usually carried overhead on poles. The main feeders radiate 
from the sub-station and branch into three phase and single phase laterals. 
The advantage of a dual network of three phase and single phase lines is the lower 
initial investment costs required to construct single phase lines for low load areas. 
As the load requirements in these areas increase the lines can be converted from 
single phase to three phase. Also, the introduction of large amounts of single phase 
distribution should not inhibit the development and application of motive loads for 
productive uses which generally require a three phase supply. Where agricultural or 
industrial motive load (e.g. irrigation pumping) is likely to be a significant part of 
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the r.e. system, three phase electricity supplies should be made available to allow 
the use of three phase motors. 
The operation of single and three phase lines may result in some voltage and 
current unbalances which could increase system losses and cause overheating of 
substation transformers and three phase motors. Phase currents in the three phase 
line section can be kept reasonably balanced by maintaining essentially the same 
amount of single phase load on each phase [3]. A typical Philippine rural area will 
be supplied by a substation located near the load centre. From the substation one 
or more three phase feeders extend for several kilometres into the area to be served. 
Single phase branch circuits are taken from the main three phase line to serve the 
more remote areas. Since it is possible to connect these single phase taps to any of 
the three phases, the current in the main three phase line and at the substation may 
be balanced by switching single phase taps from the heavily loaded phase to a less 
heavily loaded phase as required [4]. 
3.1.2 Primary and Secondary Voltages 
-7 
In general terms, it is always best to select the highest standard medium voltage for 
the distribution system as it offers the greatest advantages when the geographical 
areas are large, due to lower system losses [5]. In countries which already possess a 
rural system at a given voltage, a decision should be made whether that voltage 
should be retained during subsequent development or replaced by a higher voltage 
level. For example, in Indonesia the original 6 kV primary distribution system is 
now considered obsolete and is being replaced by a 20 kV system [6]. In the 
Philippines a voltage of 13.2 kV is used for primary MV distribution while in 
Thailand and Indonesia 20-22 kV has been selected. It should be noted however 
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that the voltage cannot be determined exclusively from consideration of the features 
of rural loads (such as average village density per square kilometre and average 
kVA demand per village) in as much as the sub-transmission voltage used for urban 
systems have a significant influence on the distribution voltage. 
Secondary distribution in the Philippines is exclusively single phase whereas in 
Indonesia and Thailand there is a combination of three phase and single phase 
lines. The choice of three phase versus single phase distribution is dependent on 
voltage regulation which in turn is a function of load density and load spread. In 
Indonesia the 220 V, two wire single phase system should be used for residential 
and commercial loads of 10 kVA and below, with the single phase, three wire 
system (220/440 V) and three phase, four wire systems (220/380 V) used for loads 
up to 50 kVA and 500 kVA, respectively. The maximum individual motor size 
used on the single phase systems is limited to ten horsepower (h.p.) [7]. 
3.2. Design Standards 
Basic design standards for MV and LV lines followed in Thailand, Indonesia and 
the Philippines are shown in Table 3.2 while standard sizes of conductors and 
transformers are given in Table 3.3 below. The selection of standards for conductor 
and transformer sizes for an r.e. programme must take into consideration forecasted 
load developments, system power losses and construction costs. 
The Philippines follow U.S.A. standards in totality while Thailand follows 
European standards. What is common for these two countries is that uniform 
practices are followed throughout the country. Entirely different practices are 
followed in different parts of Indonesia, which should be standardized. On the 
whole, there seems to have been little work done in adopting construction standards 
Table 3.2 Design Standards for MV and LV Lines 
OUNTRY STANDARDS GROUND WIND SPAN (() 
POLES 
USED CLEARANCE LOAD MIN TYPE HEIGHT 	LOAD WEIG 
(kg/m') TEMP. 	(°C) DESIGN (vn.) AVE. (m) (kg) (k 
1. THAILAND GERMAN (DIN) MV 6.1 45 0 100 80 PSC V 12 	225 126 
PEA LV 4.5 - 50 40 PSC 9 142 59 
7/ 
. INDONESIA PLN and MV 5.0 45 15 100 80 S, C and 11 	200 30 
ANSI LV 5.0 50 40 W 9 200 23 
. PHILIPPINES NEA and MV 4.6 45, 16 160 135 Wood Several heights 
ANSI LV 4.6 100, 40 and loading classes 
175 used. 
FA - not available 
Pre-stressed concrete 
A combination of steel, concrete and wood poles are used for both the primary (MV) and secondary (LV) lines. 
urces: See Notes to Chapter Three, No. 8. 
Table 3.3 Standard Conductor and Transformer Sizes 
LINE CONDUCTORS TRANSFORMERS 
MV LV 1-PRASE 3-PHASE 
TYPE SIZES (mm 2 ) 	TYPE SIZE (mm') TYPE SIZE (kVA) TYPE SIZE (kVA) 




Z. 	INDONESIA ACSR NOT NOT CONy. 10,25,50 CONy. 25,50,100,160 
A.AC STANDARDIZED STANDARDIZED AND CSP 
AL 
3. PHILIPPINES ACSR 33,67,107 ACSR AS FOR MV CSP 5,10,15,25 CSP 3, 	i-p  UNITS 
Notes: CONy. - Conventional 
CSP - Completely Self Protected 
AL - Aluminium 
ACSR - Aluminium Cable Steel Reinforced 
Source: See Notes to Chapter Three, No. 8. 
c2:i 
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and equipment specifications to local needs and economies. 
Each country uses a wind loading of 45 kg/m2 with the Philippines having distinct 
wind zones. The lowest temperature conditions range from 0 to 16 0C and the 
design span lengths vary from 100 metres for the 20 and 22 kV system to 160 
metres for the 13.2 kV system in the Philippines. In Thailand pre-stressed concrete 
poles (p.s.c) are used exclusively wood poles are used in the Philippines (to USA 
standards) and steel poles are predominant in Indonesia along with some p.s.c. and 
wooden poles. 
The use of wooden poles versus metal or concrete in the construction of rural 
electric lines should be evaluated in terms of both initial cost and long term cost 
related to durability, maintenance and total useful life. The initial cost of wood 
poles produced in Indonesia was estimated at around one third the cost of 
importing metal poles [9]. Relative conductivity is another consideration in 
evaluating the type of pole to be used in rural construction as a steel pole or 
reinforced concrete pole requires more insulation than a treated wood pole and this 
should be considered as an additional expense [10]. 
The unit costs per kilometre of MV on LV lines are shown in Table 3.4. Excluding 
conductor costs, which depend on conductor size, the cost differentials on poles and 
other material costs vary considerably. The costs of supports per kilometre for a 
three phase system ranges from approximately US $1,040 in the Philippines to US 
$3,125 in Indonesia (1982 prices). This points to a need for PLN in Indonesia to 
optimize its support design to effect cost reductions which could result in large 
savings in the overall costs of r.e. projects. 
- 1984 
Table 3.4 Comparative Costs of MV Lines 	
US $ per kin 
 
OUNThY VOLTAGE (kV) 
PHASE 
WIRES CONDUCTOR (mm 2 ) POLES AVE. 	SPAN (m) 
MATERIAL COSTS 
CON- 






L. 	THAILAND 22 1P-2W ACSR 35 PSC 80 1306 646 758 317 325 3352 
(lOm) 
22 3P-3W of to It 80 1306 969 939 335 406 3955 
Z. 	INDONESIA 20 3P-3W AAC 150 STEEL 80 3125 3438 2501 781 208 10,053 
(urn) 
3. 	PHILIPPINES 13.2 3P-4W ACSR 34 WOOD 135 1040 1310 890 1000 390 4630 
7.62' 1P-2W of " 135 900 720 470 770 390 3250 
Source: See Notes to Chapter Three, No. 8. 
WOO 
Distribution transformers are generally pole mounted (up to 500 kVA) with the 
small transformer units up to 50 kVA usually mounted on single poles, while 
transformers up to 100 kVA rating are mounted on simple double pole structures. 
The two pole structure can be designed to include additional devices such as 
isolating switches, fuses and lighting arrestors on the MV side and a distribution 
box with switches and fuses on the LV side. 
The number and individual capacity of the transformers is dependent on the pattern 
of load distribution in a given area. If the consumers are widely spread it may be 
advantageous to serve each consumer through an independent transformer [11]. If 
the consumers are close together a common transformer of adequate capacity will 
connect all the consumers by means of low voltage lines. However, the construction 
of long LV lines with large size conductors, necessary to keep the voltage drop 
within reasonable limits, is expensive so there is a trade off between the total length 
of LV lines required and the number of distribution transformers which should be 
used in a distribution network. 
The comparative practices regarding transformers used in the region are illustrated 
in Table 3.3. In the Philippines, single phase transformers are used exclusively, 
grouping three single phase units to form a three phase bank when load warrants. 
In Thailand and Indonesia a mixture of three phase and single phase units are used. 
Table 3.5 shows the comparative costs of transformer stations but as the elements of 
taxes and duty vary between countries it is not possible to conclude to what extent 
the cost differences are due to differences in standards. 





(kV) kVA TYPE POLE Nos. 
TRANSFORMER 
COSTS (US$) 
(US$ - 1984) 
TOTAL 
• 	THAILAND 3 /22 100 Conventional 2 2096 3095 
3 33 tOO Conventional 2 2620 4173 
1 22 30 Conventional 1 699 1096 
1 33 30 Conventional 1 764 1216 
• 	INDONESIA 3 20 100 Conventional 2 2451 5621 
1 20 25 Conventional 1 1005 2039 
• 	PHILIPPINES 1 13.2 3 x 50 CS? 1 1710 2122 
Notes: 1. Total costs include labour and transport costs 
Sources: See Notes to Chapter Three, No. 8. 
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3.3  Service Quality and Reliability 
The quality of service for r.e. loads can be quantified in terms of the magnitude of 
voltage fluctuations (above and below the rated voltage) that occur at the consumer 
premises. Lighting and appliances can operate on a fairly broad spread of voltage, 
however, when the spread is held closer to the rated nominal voltage, better 
operation will be achieved. 
The reliability of service can be quantified in terms of the frequency and duration 
of power supply outages and the number of consumers that suffer from them. As 
rural systems cover large areas, with long distribution lines their exposure to the 
elements and other hazards is high. It is important that protective devices used for 
rural systems are applied in a way to minimize the effects of the faults to consumers 
and to facilitate the location of the faults in the system. 
Another important aspect of rural electricity supplies 1s the availability of service. 
In the case of a grid network this implies whether adequate power is available to 
meet rural needs and in the case of auto-generation it implies either seasonality of 
supply (micro hydro) or daily hours of service (diesel generation). 
3.3.1 Service Quality 
Both Indonesia and the Philippines use American National Standards (ANSI) c84.1 
as a guide for maintaining adequate voltage levels at service points [13,14]. For 
example, in Indonesia with a 220 V base, a service point voltage range of 203 to 
231 V has been selected as acceptable by PLN and the corresponding permissible 
voltage spreads at various points on the distribution system may be determined by 
using voltage drops indicated in Table 3.6 for each part of the system. Usually the 
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voltage limits permitted at point of service will occur under the following 
conditions: the maximum voltage occurs under light load at the customer 
connection nearest the bulk power supply point (metering point); and the 
minimum voltage is experienced by the customer farthest from the power supply 
under heavy load conditions. 
Table 3.6 Voltage Drops - Maximum Load Conditions 
System Component Max. Voltage Drop (V) 
(220 V base) 
Voltage Drop 
(%) 
High Voltage Primary 14.0 6.4 
Distribution Transformer 3.0 1.4 
Secondary and Service 6.5 3.0 
Total at consumer's meter 23.5 10.8 
Source: Main C.T., Design Criteria for Rural Electrification, Revised, 1982, p.  13 
(Unpublished) 
Engineering consultants CT Main suggested that it was important to limit voltage 
variation to minus 10 percent otherwise steps to reinforce the system should be 
undertaken [15]. Voltage control devices such as on-load tap changes on 
transformers are used in Thailand and Indonesia while separate voltage regulators at 
the grid substation are used in the Philippines. Feeder voltage regulators along the 
line length are also used in the Philippines but only as a temporary measure until a 
new line is constructed [16]. Feeder voltage regulators may be installed in r.e. 
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systems at a later stage of development for certain feeders with voltage problems, 
however due to the extra costs the economics should be considered carefully. 
Capacitors have been, or are proposed to be, used at sub-station busses to varying 
degrees by each country, but only the PEA of Thailand have applied LV capacitors 
at the secondary side of distribution transformers. There is no application of 
capacitors on LV lines in any of the three countries. A consultant's report for 
system design in Indonesia suggests that, "the initial r.e. system should be designed 
for growth, and while capacitors will improve voltage and line capacity, the use of 
capacitor banks for this purpose is unnecessary and the installation expense not 
justified' [17]. However, the application of capacitors on overloaded existing 
systems will improve not only voltage regulation but also reduce system losses, by 
improving the power factor of the system. 
3.3.2 Service Reliability 
The service reliability of a contiguous r.e. system is a function of the following 
factors: 
The availability of power supplied at the HV side of the grid sub-station; 
The reliability of the grid sub-station itself; and 
The reliability of the primary distribution network, distribution transformers 
and secondary distribution. 
The availability of grid power is an important consideration for LDCs where the 
electric power sector is still in early stages of development, when it would be 
wasteful to build excessive reliability into an r.e. system. The expectations of r.e. 
consumers for supply reliability in the early stages of electrification are often modest 
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[18]. Supply outages do not materially effect domestic consumers and small agro-
processing units will not suffer significantly due to supply failures. Larger industries 
may have standby diesel generators as an insurance against prolonged outages due 
to power shortages or where the voltage is so poor (minus 15 percent) that motor 
application is not possible. It is in the above context that the costs of building high 
standards of reliability in r.e. systems should be viewed. 
The practices followed in each of the countries for the overhead distribution system 
protection are shown in Table 3.7 below. 
Table 3.7 Comparative Practices Relating to R.E. Service Reliability 
Switching/Sectionalizing 
Grid Sub-station H.V. Mains and Taps 
COUNTRY Transformer H.V. Feeder Recloser Sectionalizer 	Drop Down 
Recloser Recloser A-Auto Fuses 
M-Manual 
THAILAND N N Y1 M Y 
INDONESIA N N Y M Y 
PHILIPPIN'ES Y2/ Y21'3" Y214" YA214 Y 
Notes: N - Not used 	2/ Widespread use 
Y - In use 3/ Considered stop gap 
1/ Limited use 4/ Bad experience 
Source: See Notes to Chapter Three, No. 8. 
The more routine sectionalizing facilities such as disconnect switches along long 
distribution lines and drop-down fuses at tap off points for the laterals, are 
economic and almost universal in application. Their application will minimize the 
effect of circuit faults by isolating faulty sections. The application of devices such 
as reclosers and sectionalizers along the distribution lines can be expensive and 
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difficult to co-ordinate as evidenced by the Philippine experience [19]. 
The r.e. agencies in Indonesia and the Philippines had limited statistics on faults 
and failures of the distribution systems. However, the PEA in Thailand had begun 
to computerize fault statistics and the major causes of faults were stated to be due 
to; 
(1) Trees touching the MV and LV lines (54 percent), 
Environmental conditions such as lighting, storms as well as human and 
animal related accidents (41 percent), 
Bad contacts, loose joints, poor connections and transformer failures (5 
percent) [20]. 
In general, this concurs with the views expressed by the r.e. agencies in Indonesia 
and the Philippines on the causes and nature of faults. It seems that one of the 
more effective and inexpensive methods of improving operational reliability involves 
regular tree cutting, near electric lines. Crimped connections would largely 
eliminate faults due to bad joints and the application of LV fuses at transformer 
secondaries should reduce failures due to overloading of transformers. 
3.4 Technological Alternatives to Grid Based R.E. 
Many areas in the South-East Asian Region are characterized by their low 
population density, and settlements are often remote from an electrical grid system 
and separated by difficult terrain. This is especially characteristic of many islands 
of Indonesia and the Philippines which are mountainous and may be covered by 
tropical rainforests. When commercial activities or a small or medium sized 
industry develops in isolated situations these cases exhibit characteristics favourable 
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to the use of decentralized alternatives to grid extension. Furthermore, many of 
these areas enjoy abundant renewable energy resources in the form of hydropower, 
biomass, solar isolation or wind. 
In general, decentralized alternatives will be the least cost alternatives against which 
grid-based r.e. can be compared to analyse the costs and calculate the benefits of 
r.e.. It is expected that, decentralized alternatives will be cheaper than grid-based 
r.e. in a large number of remote areas. However, the issue for many such areas is 
not a comparison of decentralized alternatives with the grid but rather the selection 
of the appropriate level of decentralization and the type of technology to be used. 
In these areas decentralized alternatives are generally most competitive under the 
following conditions; 
- 	Annual energy requirements are low so that economies of scale associated with 
grid supply is not possible. 
- 	Battery storage requirements are low. 
Where capital costs predominate over energy costs as with grid extension or 
renewable energy resources such as wind- and hydro-power, low load factors favour 
the lower capital cost alternatives such as diesel. When conventional power systems 
are in use and are mismatched to load, (for example, small gasoline generators used 
for educational and commercial purposes and diesel pumpsets for irrigation), the 
more divisible alternatives of smaller scale have an advantage. For example, 
alternatives such as photovoltaics which can be closely matched in terms of capacity 
to small power demands. 
It is beyond the scope of this study to critically evaluate the application of various 
small-scale renewable energy sources. However, due to the extensive developments 
of biomass and hydro-power sources for rural energy requirements in the South-East 
Asian Region, their operating characteristics are outlined below. This follows an 
analysis of the costs of diesel gen-sets used for village electrification in Indonesia. 
3.4.1 Application of Diesel-Generators for Village Electrification 
In Thailand diesel generation is being phased out because of the heavy costs 
involved and the statutorily regulated tariffs are not compatible [21]. In the 
Philippines diesel generators have been used in many locations but they are also 
being phased out. However, in oil producing Indonesia there is greater use of 
diesel generation in its r.e. programme and the analysis presented here is therefore 
based on the Indonesian experience. Table 3.8 presents an analysis of operating 
data for three diesel generating stations in Indonesia. 
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Table 3.8: Analysis of Diesel Generator Plant Data (1984 prices) 
1. Station Rating 2 x 40 kW 1 x 100 kW 	2 x 220 kW 
2. Capital Cost US $ '000 
Civil Works 11.9 12.5 13.5 
Office Building 7.5 7.5 7.5 
Station Auxiliary System 5.0 5.0 12.5 
Main Diesel Generator Plant 43.0 38.5 169.0 
3. No. of Villages Served 1 4 1 
4. MV Distribution No Yes Yes 
5. Hours of Service per Day 13 7 7 
6. Maximum Village Demand kW 80 38 318 
7. Annual 0 and M Costs US$ '000 
Operation (No. of Optrs.) 4.1(3) 3.0(2) 6.4(5) 
Maintenance (estimated) 1 1.5 3.0 
Spares and consumables 3.6 5.3 7.8 
8. Fuel Oil Consumption lit/kWh 
at 25 01o1100% loading 4.39 .781.37 .43.1.27 
9. Lube Oil Consumption lit/kWh 0.001 0.001 0.001 
10. Annual Fuel and 
Lube Cost US$ '000 18.5 7.2 15.3 
11. 0 and M and Fuel Cost, US Cents/kWh 10 31 9 
Source: R.E. Planning Department, Jakarta, April 1984, Unpublished 
The ratings of the diesel generator sets for which data was available from PLN 
range from 40 to 220 kW (0.8 power factor). The stations have one or two gen-sets 
and the number of villages served by a station ranges from one to four and the 
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duration of service from six to thirteen hours a day. The generation voltage of 400 
V in two cases is stepped up to 6 kV at the station and stepped down to 380/220 V 
for distribution in the villages. Each station has a plant building, an office 
building, an auxiliary system and a fuel storage tank. 
The plants were operated by two or three personnel and maintenance was invariably 
done by a central specialized team. The diesel engines were 1,500 r.p.m., water-
cooled, battery started units using high speed diesel oil. The sets were provided 
with equipment suitable for parallel operation. The load factors of the rural 
demand service ranged from 40 percent to 70 percent. 
Civil works form an appreciable portion of the capital costs, especially for the lower 
capacity stations. Operation and maintenance costs per unit of capacity are 
significantly lower for the larger capacity stations and there is a wide range of gross 
energy generation costs, from nine to thirty-one US cents per kWh. 
The appropriate selection of the number and rating of gen-sets for village 
electrification will be governed by the type of service and the year of demand for 
which the sets are sized. If continuous 24 hours/day service is aimed at, adequate 
standby capacity will be necessary and suitable combinations of sets will have to be 
provided so that the sets are not loaded below levels of satisfactory operation of the 
diesel gen-sets, during low demand periods. If an electric service is available for the 
limited periods of peak load, considerable savings in capital costs could be realized. 
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3.4.2 Mini and Micro Hydro 
Three cases where small hydroelectric plants are used in an r.e. system can be 
distinguished; where the plant site is remote from the grid, where the site is near 
the grid, and where there is the expectation that the grid will reach the site within a 
reasonable period of time. In the former case, hydropower may be evaluated as 
one potential energy source to meet local energy needs. In the latter cases, the cost 
of hydropower development should be compared with the long run marginal costs 
of grid electricity to evaluate the least cost alternative. 
The installed costs for commercially oriented mini-hydro plants may vary from US 
$2000 - US $8000 per kWh depending on the head and type of terrain [22]. In the 
case of micro-hydro, it is estimated that costs can be reduced to below US $400 per 
kW in the 5-15 kW range (and US $1000 per kW in the 15-50 kW range) by 
developing appropriate technology [23]. This may include simplifying civil works, 
the local manufacture of mechanical components (including the turbine) using 
manual voltage regulators and local labour for installation. Such technologies, 
however, may not be feasible beyond a certain limit depending on the height of the 
head of water, but could serve the lighting needs of a small village. 
The operating characteristics of run-of-the river mini-hydro plants result in the 
hydropower resources being untapped during periods when there is no electrical 
load. There is also less energy available during the dry months of the year and this 
seasonality of flow may imply adjustment of productive uses of electricity to be 
compatible to the seasonal pattern. Because of flow patterns, it is essential that 
engineering design of small-scale hydro stations strives to minimize costs by 
matching loads, flows and capacity. Energy waste during the day should be 
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minimized for high capital, zero-energy cost systems. This points to the need for 
integrated development of small-scale village industries to improve load factor by 
consuming energy during the day time. 
Involvement of local personnel from the inception of a small-scale hydropower 
project in providing operation and consumer services is highly important. It is 
necessary therefore, to establish local training programmes for operation and 
management. Furthermore, maintenance of micro- and mini-hydroelectric stations 
on a sustained, long-term basis is essential for the successful operation of small-scale 
hydro plants. 
3.4.3 Biomass 
There are four basic technologies which could be used to utilize the 'regions' 
generally abundant biomass to supplant petroleum fuels. These are; 
reciprocating steam engines; 
steam turbines; 
gasification with unconverted biomass or charcoal, using diesel, dual-fuel, or 
gasoline engine; and 
coconut oil used in diesel engines 
Producer gas (from gasifiers) and coconut oil may be used as a replacement for 
diesel fuel when diesel (or gasoline) engines are already installed. However, the use 
of these fuels may present serious problems of maintenance, exacerbating even 
further the difficulties of maintaining diesel engines. Steam turbines are a more 
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sophisticated technology than gasifiers and require skilled maintenance while, in 
contrast, the advantage of reciprocating steam engines is ease of maintenance. 
Small-scale power generation from steam is a well-proven technology with years of 
experience in many countries. The total scope of use of this technology in South-
East Asia is unknown but it is in use in the forest-product industries of most 
countries. Sawmills in the Philippines, for example can generate their own 
electricity at less cost than grid supply [24]. Such bioma*based technologies put an 
upper limit on the cost of diesel generated electricity because biomass resources are 
either available in abundance, or can be grown in most remote areas of the region. 
Recent studies show biogas in India to be a least cost alternative to diesel for 
electricity generation and water lifting. This implies that community-sized biogas 
plants must be considered potential least-cost alternatives for supplying energy for 
these uses [25]. 
3.4.4 Increased Energy-Use Efficiency 
Perhaps the most important decentralized alternative to electricity supply is 
increased energy-use efficiency. However, this alternative is rarely explicitly 
examined for rural systems because of the drive to build electrical loads and because 
of the lack of knowledge regarding potential impacts. Any alternative for energy 
supply, whether grid extension, diesel-autogeneration, or direct application of an 
energy conversion technology to end-use, can benefit by careful attention to 
energy-use efficiencies. It is a serious economic error to tolerate poor efficiencies 
because load factors or electrical loads are low. System oversizing cannot be 
corrected by wasting even more resources. 
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Lighting efficiencies in rural areas provides a clear example of a trade-off between 
higher capital costs of higher efficiency (fluorescent) lighting compared with 
incandescent lighting for households and commercial establishments. Fluorescent 
lights which may be more than three times more efficient than incandescent lights 
and, especially where 65-100 watt bulbs are common, can lead to significant energy 
savings. Higher efficiency lighting fixtures imply less capacity required by the r.e. 
system and lower energy consumption. 
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CHAPTER FOUR 
CASE STUDY - PHILIPPINES 
4.1 Country Profile 
The Philippines is an archipelago, of eleven main islands and over seven thousand 
small islands, which lie between 5-22 ° North of the equator and 117-127 0  East of 
the prime meridian with a total land area of 44,372 kms (see fig. 4.1). The total 
population was estimated at 51.8 million in 1983 with a population growth rate of 
2.6 percent per annum and a rural/urban ratio of 62/38. The climate is tropical 
with a distinct rainy season from June to October, with the average maximum 
temperature of 26 °C which remains reasonably constant throughout the year [1]. 
Politically the country was ruled by Spain until 1898 when it was ceded to the 
U.S.A.. It attained self government in 1935, was occupied by Japan during World 
War II and finally became independent in 1946 [2]. 
The Philippines is primarily an agricultural economy and agriculture accounted for 
22 percent of the Gross Domestic Product in 1983. About half of all exports are of 
agricultural produce, principally coconuts, sugar, copra and forest products. Base 
metals are found in large quantities and copper concentrate is one of the major 
exports apart from agriculture. A large share of primary energy needs are 
imported and oil represented 23 percent by value of all imports in 1983. The 
U.S.A. and Japan take nearly 60 percent of the Philippines exports by value, and 
the balance of trade in 1983 was negative and large at $2.5 biffion, which 
contributed to the total foreign exchange debt of $24 billion [3]. To decrease the 
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been  developed and in particular the electric power sector has been diversifying its 
energy sources by developing hydropower potential, geothermal energy and the 
recent construction of a nuclear power plant. 
4.2 Energy Sources and Government Policy 
Proven indigenous resources of energy, although limited in size, are well diversified, 
and include coal, oil, geothermal energy and large hydropower resources. Potential 
reserves of coal are estimated at 1,750 million metric tons (m.t.) and known 
geothermal fields may be capable of providing energy of 22 million barrels of oil 
equivalent per year. Petroleum has been discovered in several parts of the country 
and exploration activities are continuing. The country's hydropower potential is 
estimated at an annual energy equivalent of about 50 million barrels of oil 
equivalent [4]. 
With the large increases of the oil price in the 1970's the Government of the 
Philippines became increasingly concerned about the country's energy situation. As 
a result, it formulated an energy policy and an energy development programme, 
which has aimed at reducing the country's dependence on imported petroleum 
products, particularly for electric power production. The main objectives of the 
policy are, (i) the provision of adequate and secure energy supplies under 
environmentally acceptable conditions, at prices affordable by consumers, and (ii) 
the minimization of inefficient and wasteful consumption of energy fuels. The 
energy progamme required intensive exploration for oil and coal, as well as the 
development of non-conventional energy sources available in the country, such as 
fuel wood for domestic use and power generation [5]. In 1980, targets were set for 
the reduction of the country's dependence on imported energy from 83 percent of 
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primary energy requirements at that time to 45 percent by 1986. The programme 
required massive investments over the period 1981 - 1986, with an estimated cost of 
$7,000 million, of which the major share was to be allocated to the expansion of the 
country's electric power system [6]. 
However, by 1983/1984 the Philippine economy was in a crisis which was partly due 
to the drop in world prices for the country's key commodities such as sugar, 
coconuts and copper [7]. This resulted in the closure of the Philippine Stock 
Market and several banks, along with a period of high inflation and devaluations of 
the currency [8]. Consequently, government funds to meet the costs of national 
development programmes were severely restricted. The 1985 National Power 
Corporation (NPC) Annual Report stated that the Philippine Government had 
negotiated with creditor countries, debt relief through re-scheduling or re-financing 
of maturing loans. However, even with this re-structuring, the NPC was unable to 
pay principal and interest obligations of foreign loans amounting to $204.8 million 
in 1985 [9]. The economic crisis developed into a political crisis for the 
government, which was eventually overthrown in 1986 [40]. 
The establishment of a new government paved the way for changes in most 
government entities and the 1986 NPC Annual Report stated that; 
"For the Corporation, a new leadership was ushered in and a 
redefinition of its commitment declared". 
This resulted in a change in seven out of the eight members of the Board of 
Directors from 1985. The change of commitment for the electric power sector was 
highlighted dramatically by the governments decision to 'mothball' the Philippine 
620 MW Nuclear Power Plant which had already been completed in mid-1985 and 
was ready to start operation [11]. 
Wa 
From 1976, apart from nuclear energy, emphasis had also been placed on the 
accelerated development of the country's indigenous energy resources, which was 
considered a very important element in the country's efforts for industrialization 
and decentralized urbanization. Hydropower, geothermal power and coal fired 
power generating plants were thus accorded high priority in the power development 
programme. The National Power Corporation's significant progress in developing 
indigenous energy sources is described in detail in the next section after an account 
of the orgarnzaton of the power sector. 
4.3 Power Sector 
4.3.1 Organization of the Sector 
In the early stages of power sector development there were two major organizations 
responsible for the public electricity supply namely the National Power Corporation 
and the Manila Electric Company. 
The National Power Corporation (NPC), a government owned agency, was 
established in 1935 and was responsible for developing the nations hydropower 
resources throughout the archipelago [12]. The other main Organization and largest 
public utility was the Manila Electric Company (MERALCO) which distributed 
power within metropolitan Manila and also generated most of its own power 
requirements [13]. Meanwhile, the provision of power supplies in provincial towns 
and rural areas was undertaken by private power companies and small municipal 
power systems. 
The fragmentation of the sector made effective long range planning difficult and 
gave rise to operational inefficiences which hindered systematic and balanced 
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regional growth of the sector. The Government took remedial action in 
reorganizing and co-ordinating the operations of the sector which, with the 
exception of rural electrification, were placed under the overall control of the 
Ministry of Energy. This Ministry formulates and implements the Government's 
policies, plans and programmes for energy resource development. 
In 1972, NPC was given total responsibility for the construction and eventual 
operation of all power generation facilities in the country, as well as the 
establishment of island grids through the development of integrated power 
transmission networks. Further, in 1978 NPC purchased the thermal power plants 
of MERALCO in line with the policy to centralize all generating capacities in the 
island of Luzon, as part of the unification of the Luzon grid. The franchise for the 
distribution of power in the Greater Manila Metropolitan Area was still held by 
MERALCO. This franchise area covers seven cities and forty municipalities 
located within and around the metropolitan area. Power distribution in the rest of 
the country is undertaken by one hundred and twenty-six rural electric co-operatives 
and also a number of private utilities in the larger towns and cities [14]. 
The National Electrification Administration (NEA), which reports to the Ministry 
of Human Settlements, was established in 1969 as a successor to the Electrification 
Administration. The NEA was responsible for implementing a programme of 
national rural electrification through the organization of electric power co-operatives 
which became the executing agencies for the rural electrification programme. Many 
of the small, inefficient private and municipal power utilities were also integrated 
with the operations of the electric power co-operatives [15]. 
The NEA set itself the targets of completing the country's primary distribution 
system (the main 13.8 kV distribution system linking the towns in each co-operative 
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area) by 1980, providing electricity to all barrios by 1984, and total electrification 
of the country by 1990 [16]. The success of the NEA's programme for total 
electrification not only depends on its own efforts but also on the NPC's ability to 
provide bulk power and extend the transmission grid system further into rural areas. 
Both the NEA and the NPC are co-ordinating their planning and construction 
activities to enhance the electrification process and to facilitate the achievement of 
national targets. The next section describes the NPCs progress in the construction 
of additional generating capacity, utilizing various indigenous energy sources, and 
the installation of its transmission network. 
4.3.2 Electricity Supply 
In conjunction with the government's goal of total electrification of the Philippines 
by 1990 the NPC's installed generating capacity has increased dramatically in the 
period from 1976 to 1986 as is shown in Table 4.1. 
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Table 4.1: NPC Installed Capacity By Plant Type and 
The Total Peak Demand during 1946-1986 (MW) 
Plant Type Year 
1946 1956 1966 1976 1980 1984 1986 
Oil Based - - 3 84 2,4351 2,298 2,365 
Hydro 16 134 266 578 940 1,654 2,124 
Geothermal - - - - 466 894 894 
Coal - - - - - 350 405 
Total 16 134 269 662 3,821 5,196 5,788 
Capacity Mix 
(%) 
Oil Based - - 1 13 64 44 41 
Hydro 100 100 99 87 24 32 37 
Geothermal - - - - 12 17 15 
Coal - - - - - 7 7 
Peak Demand 2,414 3,049 3,203 
1. Includes MERALCO plants (1,150 MW) 
Source: NPC, 1986 Annual Report 
Table 4.1 shows the large increases of installed capacity by NPC during the ten year 
period from 1976 to 1986. The large increase in oil-based capacity was the result of 
acquiring the MERALCO thermal plants in 1978, as mentioned earlier. However, 
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there have also been substantial developments in plants using indigenous energy 
sources. Hydro installed capacity rose from 578 MW in 1976 to 2,124 MW in 
1986, and the introduction of geothermal and coal plants have added 894 MW and 
405 MW respectively, to the total installed capacity. By 1986, geothermal plants 
represented 15 percent of NPCs total installed capacity and coal plants had 
increased to 7 percent. 
As a result of the development of geothermal energy in recent years NPC has 
become the second largest producer of geothermal energy in the world, behind the 
U.S.A. [17]. However, it was noted in NPC's 1986 Annual Report that generation 
from oil-based power plants rose by 3.8 percent from the previous year largely due 
to the insufficiency of steam supply for the Luzon geothermal plants [18]. 
The gross energy generation by region and by energy source is shown in Table 4.2. 
Of the total gross energy generated 17,645 GWh .were sold in 1986 which 
represented a 2.9 percent increase over the previous year. 
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Table 4.2: Gross Energy Generation in the Philippines for 1986 (GWh) 
Region Gross Energy Generated (1986) 
(GWh) 










Mindanao Oil-based 18 
Hydro 3,022 
Total 3,040 
Philippines (Total) 19,263 GWh 
Source: NPC, 1986 Annual Report 
The conditions of electricity supply vary greatly among the Philippines three main 
island groups. Luzon has the most developed power infrastructure with an 
integrated transmission system which traverses the island (see Figure 4.2). In 
Mindanao, the power sector is expanding as NPC's hydroelectric grid is developed. 
In contrast, the Visayas region has lagged behind in power infrastructure 
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Table 4.3 Insalled Generating Capacity of Major Utilities 
in the Philippines 
(as of December 1986) 
Installed Capacity (MW) 
Dendro Hydro Steam Geothermal Diesel Total 
1. NPC 
LUZON 
- 1,226 2,225 660 - 4,111 
VISAYAS 
- 2 105 234 259 600 
MINDANAO 
- 896 - 
- 181 1,077 
SUB TOTAL 
- 2,124 2,330 894 440 5,788 
2. ELECTRIC POWER' 
CO-OPERATIVES 
LUZON 12 7 - 
- 32 51 
VISAYAS 
- 3 - 
- 58 61 
MINDANAO - - - 
- 17 17 
SUB TOTAL 12 10 - 
- 107 129 
TOTAL 12 2,134 2,330 894 547 5,917 
Estimated 	 Source: NPC, 1986 Annual Report 
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development but is building up its generating capacity to meet the region's growing 
electricity requirements [19]. 
The Luzon grid accounts for 71 percent of total power generating capacity in the 
Philippines and by 1986 this system had an aggregate installed capacity of 4162 MW 
with a generation mix of 30 percent hydro, 54 percent thermal and 16 percent 
geothermal (Table 4.3). 
Mindanao island is the site of NPC's second largest integrated grid system. The 
installed capacity of the Mindanao grid was 1,077 MW by 1986, which was 
predominantly hydro 83 percent and 17 percent diesel. -In addition to NPC, several 
private utilities and co-operatives operate isolated power systems consisting of mini-
hydroelectric plants and diesel stations. 
The Visayas region is made up of five principal islands Panay, Cebu, Negros, Leyte 
and Samar, plus several smaller islands. Before 1972, development of electricity 
supply in the Visayas was left to the private sector. However with the start of the 
government's rural electrification programme both the NPC and the NEA have 
embarked on a power development programme in this region. Initially, diesel 
based centralized power systems were installed in each island to support the growth 
of existing loads and to encourage the development of new markets. Since 1980, 
geothermal resources have been exploited by the NPC as the hydroelectric potential 
of the Visayas is limited. 
The installed generating capacity of the major power utilities in the Philippines is 
shown in Table 4.3. NPC's installed capacity was 5,788 MW at the end of 1986. 
Of the 126 electric power co-operatives operating in the country by 1986, 61 owned 
and operated 129 MW of operating plant. The remainder of the co-operatives 
purchased their power from the NPC. In addition, other power utilities and 
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industries  throughout the country owned generating plant having an estimated total 
capacity of 500 MW in 1978 [20]. Little information is available on the installed 
capacities of industries and private utilities, however, their system expansions are 
unlikely to be significant compared with the recent developments of the NPC and 
the NEA. 
The 1987 NPC Power Development Programme reflects a general trend toward 
increased use of indigenous energy resources with a continued decrease in oil-based 
generation. Appendix 3 lists the planned capacity additions for Luzon, Visayas and 
Mindanao over the 1987-2000 period. Overall, a total of 4,019 MW capacity is 
projected to be added to the existing system over the period. Specifically, 3,066 
MW will be added in Luzon, 187 MW in the Visayas and 766 MW in Mindanao 
[21]. It should be noted that the programme does not foresee the nuclear power 
plant being brought into operation. - 
It is planned that oil-based capacity will decrease from 41% in 1987 to around 30 
percent by the year 2000. The share of coal-fired thermal capacity is projected to 
grow from 7 percent in 1987 to about 18 percent by 2000. The percentage of both 
hydro and geothermal generation capacity will remain relatively steady with 34 
percent and 18 percent respectively [221 (Appendix 4). 
Major NPC transmission lines in the country will be operated in essentially five 
voltage levels, namely, 500, 230, 138, 115 and 69 W. The 500 kV lines are 
projected to increase from 490 circuit kilometres in 1987 to 1144 circuit kilometres 
by 2000. Appendix 5 gives details of proposed transmission and distribution line 
lengths. A total of 5,296 circuit kilometres will be added to the existing system 
over the period 1987-2000. In the same period, NPC substation capacity is to be 
increased from 13,530 MVA to 20,800 MVA [23]. 
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The general aim of these projects is to:- 
(1) extend the network to broaden electrical service coverage; 
economically integrate the proposed generation projects into the existing 
system; 
enhance substation capacities to accommodate anticipated load growth; and 
improve system reliability [24]. 
This section has detailed the expansion of the electric power supply sector in the 
Philippines and outlined the programme of future developments. However, to 
achieve the Government's goal of total electrification by 1990, an equally important 
element of the task was the provision of adequate distribution networks and the 
connection of new electricity consumers. This has been the responsibility of the 
National Electrification Administration and the Rural Electric Co-operatives. The 
NEA and the Co-operatives are inter-related bodies, however, for the purpose of 
clarity regarding their structures and development they have been discussed 
separately in the following two sections. 
4.4 National Electrification Administration 
4.4.1 History and Organization 
The NEA was established in 1969 as a successor to the Electrification 
Administration, which had been formed in 1962 to provide reliable rural electricity 
supplies [25]. The responsibility for the implementation of a national programme of 
accelerated rural electrification was transferred to the NEA. In 1972 the 
Government of the Philippines (GOP) described its Basic Policies for the Electric 
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Power Industry" (Presidential Decree No. 40, November 7, 1972), wherein total 
electrification of the country on an area coverage basis, was proclaimed a national 
objective. While NPC was given the task of erecting transmission lines and 
constructing and operating associated power generation facilities in the major 
islands of the country, responsibility for the distribution of electric power was vested 
in private utilities, local governments and the NBA [26]. NEA's primary 
responsibility was the provision of adequate and dependable power to rural areas on 
a nationwide basis, a task which private power distribution companies and local 
governments were not capable of undertaking [27]. The framework selected by the 
GOP for the implementation of the national r.e. programme was a system of 
electric power co-operatives. This was considered a suitable structure for a socially 
oriented programme that needed the support of isolated rural communities. 
The NEA is a tax exempt Government stock corporation with an authorized capital 
of 5,000 million pesos and wide borrowing powers [28]. NBA's functions include 
the organization and monitoring of co-operatives as well as providing loan funds for 
their projects, training personnel and procuring equipment. In 1979 NEA's 
functions and responsibilities were further increased when it was given the role of 
implementing agency for the Government sponsored mini-hydro and dendro-
thermal power generation programme. Also, in February 1979, NBA was 
separated from the Ministry of Energy and until July 1981 reported to the Office of 
the President. In July 1981, it came under the Ministry of Human Settlements [29]. 
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4.4.2 Management and Staff 
The 1984 organization chart of the NEA is detailed in Figure 4.3. By 1984, NEA 
employed about one thousand staff and had developed a well structured programme 
of staff training, both for its own personnel and that of the electric power co-
operatives. Training programmes covered all essential areas including planning, 
feasibility study preparation and accounting. The NEA has experienced difficulties 
in retaining experienced and qualified personnel which reduces its capacity to 
provide support services to the power co-operatives [30]. 
Figure 4.3 shows the various functions of the NEA which as the central agency 
involved in the r.e. programme has had an important role. Indeed as the central 
administrative body it was viewed as having a crucial part in the ultimate success of 
the programme. The main functions of the NEA include; 
- 	Assisting co-operative development. 
- 	Acquisition of funds and disbursement of loans to co-operatives. 
- 	Providing technical assistance to co-operatives. 	- 
- 	Centralized procurement of supplies and equipment. 
- 	In 1979, the NEA also became responsible for the development of dendro- 
thermal and mini-hydro plants. 
The NEA has grown into an efficient and effective manager of the Philippine R.E. 
Programme although there are two important activities which it does not address. 
These are a long range planning unit and load promotion programme which 
although important to the overall success of the r.e. programme have not been 
implemented. 
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4.4.3 Financial Management 
The Finance Division provides accounting and financial control services within the 
NEA. One of the NEA's main functions is to provide funds to the co-operatives by 
raising loan and equity capital. It is NEA's policy to ensure that (i) an adequate 
level of working capital is maintained, (ii) total expenses do not exceed ninety 
percent of revenues and (iii) annual cash generation, including operating income, 
depreciation and loan repayments from co-operative and other borrowers, is equal 
to at least 1.2 times its annual debt service requirements [311. 
To improve its control over current and future activities, the NEA requires co-
operatives to submit ten year projections of their development each year. NEA also 
expects co-operatives to maintain revenues at a level sufficient to cover operating 
expenses, debt-service and part of the capital investment requirements for system 
development. Co-operatives are instructed to set their power tariffs at levels that 
will recover the economic costs of supplying power as soon as possible after 
operations begin. 
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4.4.4 Financial Policy and Performance 
NEA's financial performance during 1976-1982 is summarized in Table 4.4. 
Table 4.4 Summary of NEA's Financial Performance 1976-1982 (Pesos million) 
Year 1976 1978 1980 1982 
Revenue1 22.4 41.3 73.1 101.9 
Operating Expenses 16.4 20.8 32.0 37.3 
Interest Charges 6.5 10.5 37.0 62.4 
Total Expenses2 22.9 31.3 69.0 99.7 
Net Income (loss) (0.5) 10.0 4.1 2.2 
Additional Equity3 185.0 229.9 282.6 331.8 
Additional Borrowing4 113.5 117.1 268.6 724.3 
Lending to Co-operatives 244.4 307.3 472.6 977.0 
Long-Term Debt 310.4 607.0 995.7 1,905.2 
Total Equity. 622.5 1,106.2 1,603.7 2,060.0 
Notes: 
Loan repayments by the co-operatives. 
Includes NEA administrative costs and interest charges paid on loans. 
From government sources. 
Foreign exchange from other governments and banks. 
Total equity contributions from the Government of the Philippines by each of 
these years. 
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Source: NEA Annual Reports (1976, 1978, 1980, 1982) 
During 1976 to 1982, NEA expanded its lending operations rapidly. In 1982 it 
extended loans to co-operatives totalling P977 million compared to P244.4 million 
in 1976 [32]. Correspondingly, NEA's foreign borrowings also grew from P113.5 
million in 1976 to P726.3 million in 1982. Government equity contributions 
averaging about P225 million per annum supplemented NEA's cash flows. As 
NEA increased the utilization of borrowed funds bearing interest at rates of about 
7.5 percent compared with earlier loans from USAID at 2 to 3 percent interest, 
interest charges absorbed an increasingly larger share of revenues, derived mainly 
from low interest bearing loans extended to electric power co-operatives [33]. In 
1982 interest charges accounted for 61.2 percent of revenues compared with only 
25.4 percent in 1978. As a result, NEA had to raise its interest rates on new loans 
to co-operatives in order to re-establish a reasonable spread between its average cost 
of capital and borrowing rates [33], [34]. 
Another problem facing the NEA is that the financial difficulties of many power 
co-operatives have resulted in some co-operatives being unable to meet their debt 
service obligations to NEA. This means that NEA was effectively subsidizing the 
rural co-operative system with government equity capital and the 'subsidies' in 1982 
totalled P16 million [35]. 
Due to the severe economic problems in the Philippines, mentioned earlier in 
section 4.2, the government drastically reduced its support for development 
programmes [36]. By 1983, the equity contribution from the government to NEA 
was reduced to P132 million and by August, 1984 the government had not released 
any equity to NEA for that year. As NEA's financing was heavily dependent on 
massive government support and a heavy borrowing programme the investment 
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programme of the co-operatives had to be curtailed. As the local currency costs of 
major r.e. projects, in support of foreign loans, could not be met from the internally 
generated funds of either the NEA or the electric power co-operatives, foreign 
lending to the NEA had also ceased in 1984 [37]. 
This lack of funding severely restricted the systems expansion programmes of the 
power co-operatives and the mini-hydro and dendro-thermal power generation 
programmes. In 1985 the government started to release equity to NEA however the 
extent of future funding was unknown [38]. As a result, the target of total 
electrification of the country by 1990, may not be achieved until a later date. 
4.5 The Electric Power Co-operatives 
4.5.1 Organization and Management 
The electric power co-operative system was first established in the Philippines by the 
formation of two pilot co-operatives in 1968 with assistance from USAID [39]. The 
system was considered to be successful and was expanded rapidly, modelled after 
the co-operative system of the U.S.A. [40]. The operations of the electric power 
co-operatives are regulated by NEA which reviews annual work programmes, rate 
schedules and the co-operatives finances. 
The NEA achieved the objective of establishing a co-operative in every province as 
early as 1977. At the end of 1984, 126 co-operatives had been established 
throughout the country. These 126 co-operatives are now operational, providing an 
electric service to their consumers [41]. 
Co-operatives have a large degree of organizational autonomy within the policy 
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guidelines of the NEA. They are non-profit making member co-operatives which 
are able to make loans to members for house-wiring and to finance capital 
investment costs related to electric irrigation pumping and other power-intensive 
small agricultural and industrial installations. The co-operatives have also become 
involved in government sponsored rural development projects including a rural 
water supply programme and a school electrification programme [42]. 
The operations of the co-operatives are supervised by a Board of not less than five 
directors who are elected by the members of the co-operatives. The typical 
organizational pattern of power co-operatives is shown in Figure 4.4. The principal 
organizational divisions of a co-operative are: 
- 	the Office Services Department which provides personnel and general office 
services, accounting, billing and other financial services, 
- 	the Operations and Maintenance Department which undertakes plant 
construction, 
- 	the Engineering Department which is responsible for equipment and materials 
supply as well as system planning and design, 
- 	the Member Services Department which deals with public relations, consumer 
services and load promotion. 
Co-operatives which generate their own electric power also have a Generation 
Department. 
The electric power co-operative system in the Philippines is generally well managed 
at the operational level, adequately staffed and has the required technical 
competence [43]. The co-operative system employed approximately 12,000 people 
by 1984, and the NEA has developed training programmes for co-operative 
MEMBERS 
Figure 4.4: 	 I 
Co-operative Structure. 	 BOARD f DIRECTORS 
I Sty I I GENERAL MANAGER 
1 
I ADVISORS/CONSULTANTS 
OFFICE SERVICES GENERATION 
DEPARTMENT DEPARTMENT 
ACCOUNTANT SERVICES CHIEF CHIEF J GEN, 
& PROCUREMENT OPERATOR MECHANIC 
BOOK- 	L CLERICAL [OPERATOR LMECHANIC 
KEEPER SERVICES 
4 CASHIER [ CLERK/ 
STORES [ TYPIST 
a 1 COLLECTOR I  
FUTURE POSITION 
OPERATIONS MEMBER SERVICES 
DEPARTMENT DEPARTMENT 
ENGINEER- WARE- MEMBER L... CONSUMER 
ING HOUSE RELATIONS SERVICES 
DESIGN! METER PRODUCTIVE! 
STAKING SHOP POWER USES 
N~jl I~N r  TYPIST 
O M C CHIEF I CONTRACT 
SECTION MOTOR LELECTRICIANS  I 	POOL 
O & Mj CONSTR'N VEHICLE I DRIVERS 
MECHANICS  
*OPERATIONS, MAINTENANCE & CONSTRUCTION 
SUCIM 
personnel to ensure that. an  adequate level of staff capability is maintained. 
In the early years, the co-operatives concentrated on the main task of developing 
their basic distribution system, and as a result the functions of plant maintenance, 
system protection, control of system losses and long range system planning were not 
given adequate attention [44]. This reduced system reliability and the quality of 
electric service in many co-operatives. 
4.5.2 Financial Management 
NEA regulates the tariffs of the co-operative system and as a long term objective, 
the co-operatives are required to develop tariffs which will enable the recovery of 
the economic costs of power supply. Due to the diversity in the operating and 
economic environment of co-operatives there existed a wide spectrum of tariffs in 
1984 ranging from a low of P0.42/kWh in Agusan del Norte, a co-operative in 
Mindanao drawing power from NPC's low cost hydropower grid, to P2.49/kWh in 
Basilon (a small island off Mindanao) where power is derived from high-cost diesel 
generation plants. 
Tariffs are reviewed and revised regularly by the NEA but tariff levels in many 
areas are too low to cover costs. According to an Asian Development Bank 
consultant's review in 1983 most of the co-operatives would be insolvent by normal 
commercial standards at that time, as they could not meet their debts as they fell 
due [45]. 
The tariff structures applied by the co-operatives follow standard tariff design 
principles, under which residential and small commercial consumers pay a flat rate 
energy charge per kWh consumed, while large commercial and industrial consumers 
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are billed a demand charge based on monthly peak demand, together with a flat 
rate energy charge per kWh consumed. Co-operatives have been empowered to 
apply a fuel cost variation charge to their base tariffs and use this to off-set 
increases in fuel costs [see Appendix 6]. 
The main consumer classifications used for tariff purposes are residential, 
commercial, industrial, agricultural, public buildings and street lighting. As of 
1983, residential consumers represent approximately 89 percent of the total 
consumers of the co-operative system and produce abut 40 percent of total sales 
volume and 44 percent of sales revenue. Commercial and industrial consumers 
account for approximately 8 percent of consumers but generate 48 percent of sales 
volume and 45 percent of sales revenue. Agricultural consumers utilize 2 percent of 
power sold [46]. 
The 1983 Co-operative Statistical Report shows that many of the co-operatives were 
experiencing financial difficulties [47]. The co-operatives which were not connected 
to the NPC power grid and generated their own high-cost diesel power accumulated 
losses over the years despite high tariffs. The high system power losses, up to 37 
percent, which many co-operatives were experiencing also contributed to the poor 
financial performance. As the summarized income statements in Table 4.5 show 
below, in 1983 the co-operative system as a whole achieved on operating margin of 
only P30 million on revenues of P1,334 million, which was insufficient to cover 
interest charges on its loans from NEA. 
- 102 - 
Table 4.5 1983 Co-operative Statistical and Financial Information 
Power purchased/generated (GWh) 2,326 
Power sales (GWh) 1,829 
Systems losses % 21 
Ave Revenue/kWh sold P 0.73 
Income P millions 
Revenue from power sales 1,333.5 
Operating Costs P millions 
Power 962.6 
Distribution Operation 29.9 
Distribution Maintenance 42.0 
Consumer Accounts 77.8 
Administration and General 103.6 
Depreciation 87.4 
Total 1303.3 
Operating Margin 30.2 
Interest Charges 59.7 
Net Income/(Loss) from operations (29.5) 
Source: NEA, 1983, Accomplishment Report 
The greatest losses in 1983 were recorded in Region Vifi covering the provinces of 
Leyte and Samar which had small diesel based, self-generation systems. Such 
systems are characterized by very high power costs and tariffs, low sales volume and 
high plant investment in relation to sales output. A total of fifty eight co-operatives 
were making net losses out of a total of one hundred and eighteen co-operatives 
[48]. This suggests that these co-operatives were not able to charge high enough 
tariffs to cover the costs, especially the high costs involved in diesel based r.e. 
projects. 
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4.6 The Rural Electrification Programme 
The previous two sections studied the agencies involved in the Philippine R.E. 
Programme and this section describes a short history of their achievements, and the 
progress of electrification in the rural areas. 
4.6.1 History and Present Status 
In 1962 the Electrification Administration (EA) was established to provide cheap 
and dependable electric power supplies, particularly in the rural areas, in order to 
promote and accelerate agricultural development. The EA's most important 
functions were to plan and co-ordinate a programme of electrification and to 
provide loans and technical assistance for private franchise holders in rural market 
towns [49]. 
In 1966, a USA-11D sponsored energy survey outlined plans for a structural 
improvement of the power sector. It recommended that the country adopt a 
national rural electrification programme patterned after the electric power co-
operative system of the United States [50]. The National Rural Electric Co-  - 
operative Association (NRECA) of the U.S.A was financed by USAID to 
undertake a feasibility study for the organization of electric power co-operatives and 
to design a national programme of rural electrification for the Philippines. 
After the USAID sponsored national energy survey in 1966, two pilot co-operative 
projects were started. One project named MORESCO was located in Northern 
Mindanao and the other project VRESCO on Negros island. Feasibility studies 
were carried out in 1967 and construction work started in 1970 [51]. 
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Both co-operatives were considered to be very successful by the NEA and further 
project proposals were formulated. In 1973 NEA's powers were considerably 
increased and with financing from USAID, the process of r.e. on a national scale 
was started. Until 1979, NRECA continued to provide technical assistance to NEA 
and the electric power co-operatives in the field of co-operative operations and 
administration and the development of r.e. policy guidelines. A firm of 
engineering consultants also assisted NEA, the co-operatives and local engineering 
consulting firms to develop the skills necessary for the efficient implementation of 
the R.E. Programme [52]. 
By 1977 the co-operative system had become well established, with 78 co-operatives 
organized in the various provinces of Luzon, the Visayas and Mindanao. During 
1978-80 a further 30 co-operatives were organized and NEA had succeeded in 
attaining one of its policy objectives of the establishment of a power co-operative in 
every province of the country and by 1984 there were 126 operational electric co-  - 
operatives [53]. Appendix 7 is an index of the co-operatives and their locations. 
4.6.2 Objectives 
The main objective of the r.e. programme was the provision of electric power in all 
rural areas by 1990, in order to increase productivity in the agricultural and rural 
industrial sectors and to improve the quality of life of the rural population. The 
GOP and the NEA consider that the implementation of the programme, together 
with the development of rural roads and other rural infrastructure would be the 
most appropriate strategy for the integration of rural areas in the national economy. 
In addition, the extension of the electric power to the rural areas is also expected to 
contribute to the Government's overall effort to distribute the benefits of socio- 
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economic growth more widely throughout the country. 
With the large increases in prices of imported oil-based energy products (during the 
1970's) r.e. acquired an additional objective of reducing the country's dependence 
on costly imported energy. 
4.6.3 Achievements 
Through the NEA and the electric power co-operative system the achievements 
during the relatively short period (since 1969) have been creditable. A network of 
co-operatives throughout the country has been established and the 'back-bone' of 
the rural main distribution lines and key lateral lines was completed by 1982. It 
took a decade, 1969-1979, to provide electric service to the first million consumers. 
Only three years later, in 1982, another one million connections had been added 
and by the end of 1984 the co-operatives had extended power service to 3.2 million 
households (Figure 4.5). By 1984, about 58 percent of all rural households in the 
country received electric power compared to only 5 percent in 1970 [54,55]. 
About 23 percent of the households connected to the systems of power co-operatives 
were classified as "poorest households", by a survey undertaken in 1980 by the US 
Bureau of Census undertaken on behalf of USAID [56]. This illustrates that the 




Number of 	3000 
Co-operative 
Consumers 
(x 1000) 	2000 
00 
69 73 714 75 76 77 78 79 80 81 82 83 84 85 86 
Year 
Figure 14.5 Number of Co-operative Consumers 1969-814 
Source: NEA Annual Reports and F.H. Denton, Lighting up the 
Countryside. 
-107 - 
While the power co-operatives have performed well in the extension of electric 
power service to rural communities the impact of the programme on rural industrial 
development and increased agricultural productivity is less easily determinable. In 
1980, a USAID conducted project Impact Evaluation Study of the Philippine R.E. 
Programme found its influence on the process of economic development to be 
limited with a low rate of growth of productive uses of electricity [57]. 
However the USAID study cites numerous case studies where the availability of 
electricity has led to the establishment of new small businesses and industries 
including ice plants, rice mills and wood-based industries. The areas where 
electricity had a positive effect on development were characterized by a 
concentrated population, diverse markets and availability of both capital and 
technical skills. These were places such as market towns and areas near to Manila 
[58]. 
The achievements of NEA and the co-operatives also include activities which, 
though not directly related to the provision of electric power, provide social, 
economic and institutional benefits to rural communities. These activities include 
rural water supplies projects for the development of water wells and the construction 
and electrification of community water supply systems [59]. Another 'special' 
project has been the electrification of schools and by 1984, 5,839 schools were 
electrified by the power-co-operatives. Also, 1,080 water systems had been installed 
providing portable water to 713,000 people [60]. 
4.6.4 Programme Development 1985-1990 
NEA's 1984 operating guidelines required that a minimum number of twenty new 
consumers, per circuit km of primary distribution constructed, are immediately 
available for connection. Studies carried out by NEA have demonstrated that this 
number corresponds to the minimum number of new consumers required per circuit 
km for economic operation of a rural power distribution system. With these NEA 
guidelines it will not be feasible to electrify the numerous villages on the smaller 
isolated islands and about 3-5 percent of villages in the major islands due to their 
inaccessibility and lack of economic activity. 
At the end of 1984 there were an estimated 5.5 million rural households in the 
country, out of which approximately 3.2 million had been electrified. Assuming 
that there would be an increase to approximately 6.1 million rural households by 
1990, a further 2.9 million would have to be electrified for the target of total 
electrification by 1990 [61]. To achieve this objective a household connection rate 
of 500,000 per annum would need to be maintained until 1990, constituting a large 
and costly programme which will strain the finances and physical capacities of both 
NEA and the co-operatives. 
Implementation of NEA's 1984-1990 R.E. extension programme will require an 
estimated investment of P4,800 million (including a foreign currency component of 
P2,300 million equivalent). This requires continuance of equity support from the 
Government, however, during 1984 government funding of the local currency 
requirements of the programme had been postponed due to the large external debts 
of the GOP. Therefore future forecasts for total electrification of the Philippines 
cannot be made from the data available in 1984. 
With regard to foreign currency funding NEA has continued to seek loan funds 
from the World Bank (IBRD), Asian Development Bank (ADB) and other 
international aid agencies such as the Overseas Economic Co-operation Fund and 
the OPEC Fund for International Development as well as bilateral agreements, to 
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meet its foreign currency investment requirements. Successful implementation of 
the programme on a financially viable basis will depend largely on the availability of 
external finance on favourable terms. 
4.7 Rural Energy Development 
Apart from the r.e. programme, NEA has been required by the Government to 
undertake two rural energy programmes aimed at developing renewable indigenous 
energy resources to provide a degree of energy self sufficiency for the electric power 
co-operatives. These are the dendro-thermal and the mini-hydropower generation 
programmes. Both of these programmes are ambitious, targetted at adding 113 
MW and 300 MW of dendro-thermal and hydro-power generating capacity 
respectively, to the facilities of the power co-operative system [62]. 
Financing requirements for the two programmes were estimated at P2,700 and 
P3,300 million (in 1980) respectively as they are highly capital intensive. In respect 
of foreign currency financing, NEA received loans from the United Kingdom, the 
People's Republic of China and France [63]. 
4.7.1 Dendro-Thermal Programme 
The initial phase of development of dendro thermal energy involves the construction 
of 38 integrated 3 MW power plant complexes. Each complex is wholly self 
contained consisting of a tree farm, a wood transport system and a wood-fired 
electric power plant. 
It is estimated that a 3 MW power plant consumes approximately 40,000 wet tons of 
wood annually, requiring a tree farm area of 1,000 hectares of fast growing trees 
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such as ipil-ipil [64, 651. Labour intensive techniques relying on farmers for tree 
production is to be used providing employment opportunities. 
By the end of 1986 four dendro-thermal power plants with a total capacity of 12.4 
MW had been constructed and were being tested. Construction of five plants was 
in process while another eight projects had been suspended due to funding 
difficulties. However a total of 38 plantation sites had been identified. 
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4.7.2 Mini-Hydro Programme 
The mini-hydro department of the NEA was established in 1979 and has the 
responsibility of exploiting hydro potential up to 10 MW. By the end of 1984 there 
were 13 mini-hydro plants with 3 under construction. Construction work at 9 
further sites had been postponed at the time of the field work due to lack of funds. 
In all, 95 potential sites have been identified throughout the Philippines and 
feasibility studies have been undertaken by NEA. 
This chapter has studied the development of the electric power sector and in 
particular the r.e. programme in the Philippines. By 1984, the r.e. programme was 
clearly on schedule to achieve its objective of total electrification by 1990. This 
reflects the large degree of government support for r.e. and also the presence of an 
efficient organizational structure capable of undertaking a nationwide programme of 
electrification. However this undertaking has added to the financial strain on the 
Philippine economy, and in addition has required continuous subsidies to the NPC, 
NEA and many rural electric co-operatives. This situation is unlikely to change for 
many years, especially as r.e. seems to have had a very limited effect on the 
development of economic activities in the rural areas by 1984. Clearly r.e. must be 
integrated with other rural development programmes to have a positive impact on 
the Philippine Government's broader goals of reducing urban and rural inequities. 
The following chapter studies the development of the r.e. programme in Indonesia 
which is at a more formative stage, the objectives of which have not yet been clearly 
defined by the Indonesian Government. 
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CHAPTER FIVE 
CASE STUDY - INDONESIA 
5.1 Country Profile 
Formerly a colony of The Netherlands, Indonesia gained independence from the 
Dutch in 1949. The country is an archipelago comprising thirteen thousand, six 
hundred and sixty seven islands in South-East Asia and lies between longitudes 950  
to 1420  East and between latitudes 70  North and 110  South [1]. The climate is 
generally tropical rainforest throughout the country [2]. Of the total number of 
islands only six thousand and forty four are named and only nine hundred and 
ninety two are permanently settled. There is a highly uneven population 
distribution among the islands, as shown in Figure 5.1, with 62 percent of the total 
population on the island of Java, which accounts for only 6.6 percent of the total 
land area. Table 5.1 shows the population of Indonesia by region and indicates 
that with an estimated growth rate of 2.1 percent per-annum the total population 
will exceed two hundred million by 1995 [3] [4]. 
Table 5.1 Indonesia: Population by Region, 1961-1996 
Region Percentage of Population (million) 
total land and area 
1961 1971 1980 	1985* 	1996* 
Java 6.6 63.0 76.1 91.3 
Sumatra 26.7 15.7 20.8 28.0 
Kalimantan 27.2 4.1 5.2 6.7 
Sulawesi 11.2 7.1 8.5 10.4 
Other islands 28.3 7.1 8.6 11.1 
Indonesia 100 97.0 118.2 147.5 	16.03 	201.4 
* Estimates based on 1980 figures with average annual population growth of 2.1 
percent. 
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Source: Statistical Yearbook of Indonesia, 1982, Central Bureau of Statistics, 
Jakarta. 
Rural development is of particular significance in Indonesia since only a small 
proportion of the population lives in urban areas. Under the 1980 Census the rural 
to urban ratio was given as 81/19 percent [5]. 
The traditional pre-eminence of the agricultural sector in the Indonesian economy 
was surpassed in 1978 by industry and mining [6]. By 1984, the percentage 
distribution of gross domestic product for mining and industry had risen to thirty 
nine percent compared to twenty six percent for the agricultural sector [7]. The 
main crops are rice, rubber and copra and the main mineral resources are oil, 
natural gas, tin, coal, copper and bauxite. Crude oil accounted for fifty five 
percent of all exports in 1984, and other main exports included timber, rubber and 
natural gas. Also, in 1984 the external public debt was US $ 27,000 million with 
debt servicing equaling nineteen percent of the country's export earnings [8]. 
n 
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5.2 The Electric Power Sector 
5.2.1 Background 
The first record of electricity being generated by a company for sale to the public in 
the Netherlands East Indies (previous name of Indonesia) was in May 1897, by the 
Netherlands Indies Electric Company (NIEM) in the capital of Batavia (Jakarta). 
After the turn of the century, electrification spread slowly throughout the 
archipelago to some of the main towns and except for small amounts of electricity 
generated by municipal plants, expansion of the industry was in the private sector 
[9]. By 1920 several small government owned hydroelectric grid systems were 
developed in West Java. 
The total installed capacity in government and private utilities combined grew from 
39.4MW in 1921 to 209.1 MW by 1940, as a result of the government's policy of 
actively developing hydropower potential (Table 5.2). By 1940, a total of 145.9 
MW was installed on the island of Java (70 percent of total) and the hydroelectric 
plants came to form the backbone of the electricity supply system on Java [10]. 
However, electricity was still only available to a very small section of the total 
population at this time. There was a total of approximately three hundred thousand 
registered consumers by 1940 which represented less than half of one percent of the 
total population [11]. 
Table 5.2: Installed Capacity in Indonesia, by Type of Prime Mover, 1914-1940 
(MW) 
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YEAR I HYDRO THERMAL DIESEL TOTAL 
1914 2.0 9.6 1.9 13.5 
1928 58.3 58.3 20.5 137.3 
1935 90.8 948 184.8 
1940 108.3 61.7 39.0 209.0 
Source: McCawley, P.T., The Indonesian Electric Supply Industry, 1971, 
Australian National University, PhD Thesis, Unpublished, p.  27. 
Table 5.2 shows the development of installed capacity 15y type of prime mover from 
1914 to 1940 and indicates that hydraulic power was the energy source of 52 
percent of the total installed capacity by 1940. 
The years following World War Two and the handing over of sovereignty of the 
islands from the Dutch to the Indonesians, were difficult ones for the electric 
utilities and the electricity companies were reluctant to finance new investment due 
to tariff controls by the Indonesian Government [12]. In 1954, NIEM's plant and 
equipment in East and Central Java passed into government control and all of their 
remaining facilities were taken over in 1957. Thus the first stage of nationalization 
of the electric power sector, that of the appropriation of the Dutch electricity 
companies, came to an end. Subsequent reorganisation of the electricity sector 
resulted in government regulation 19/1965, establishing a new corporate body, 
Perusahaan Umum Listrik Negara (PLN). This government owned enterprise 
responsible for all generation, transmission and distribution of electricity in the 
country has existed since 1965. The decision to have one large national enterprise 
seems to have been taken due to the poor financial position of the branches and the 
lack of experienced managers [13]. 
-120- 
5.2.2 Growth of Sector since 1965 
The electric power sector in Indonesia has grown steadily since 1966 and has 
increased from 490 MW in 1966 to a total of 3,305 MW by 1985 and is shown by 
type of power plant in Table 5.3 below. In addition to PLN's generating capacity 
there was an estimated total of 3,200 MVA of captive plant installations throughout 
Indonesia [14, 151. 
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Table 5.3: PLN Installed Capacity and Energy Production, by Type of Prime 
Mover by March 1985 
Type of Power Plant Installed Capacity (MW) 
(%_of_total)  
Production (GWh) 
Diesel 596 (18.0) 1,566 
Hydro 463 (14.0) 1,318 
Steam 1,486 (45.0) 6,436 
Gas Turbine 730 (22.1) 1,174 
Geothermal 30(0.9) 78 
Total 3,305 10,572 
Source: PLN Annual Report, 1984/1985. 
By 1978, PLN had an installed capacity of 1,860 MW with a generation mix of gas 
turbines, 40 percent; diesel, 23 percent; hydro, 22 percent; and steam 15 percent. 
At this time gas turbines accounted for 50 percent of the total installed capacity on 
Java. The development of gas turbine generation plant resulted from a crash 
programme of installations in the early 1970's when PLN suffered large breakdowns 
in generating capacity [161. Gas turbine installations were seen as the only way of 
adding new generating capacity to the system quickly. A better balance has been 
reached by 1985 with the commissioning of new steam capacity of 1,200 MW of 
base load capacity on Java. Hydropower will continue to be a significant 
generation component of the Java system, although major additions will be thermal 
(oil and coal fired steam) catering to base load requirements. Gas turbine capacity 
will remain essentially static, with a progressive shift toward peak generation or 
reserve operation while diesel capacity will be phased out on the basis of age and 
the relatively high operation and maintenance costs. Although Java has abundant 
rainfall and is a mountainous island with a large hydropower potential, this cannot 
be developed much further as there is limited storage capacity due to the high 
population density on the island. Geothermal potential is under investigation, but 
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whether development is successful or not, its impact on the total system will be 
negligible [17]. 
The electrification of the Outer Islands (islands outside Java) since 1965 has been 
based on the installation of diesel generators. These diesel plants are often situated 
in remote sites and the maintenance and operation of these disposed plants has 
caused major difficulties. Largely because of the method of financing a 
combination of United States, Czech, German, Japanese and other machines have 
been installed sometimes even alongside each other. This lack of standardization 
and co-ordination has greatly complicated the supply of spare parts and resulted in 
diesel plants out of operation for long periods [18]. The installed capacity of the 
Outer Islands by 1985, is shown in Table 5.4 below. These islands have been 
divided into PLN regions of operation which are shown in Appendix 8. For the 
near future, the electrification programmes on the Outer Islands will consist of the 
installation of small (300 kW - 1.000 kW) diesel plants supplying a local grid 
system. Only in a few of the major towns will substantially larger systems be 
installed, while in the provinces of North and West Sumatra development of 
hydropower resources will give a major boost to r.e. programmes [19]. 
During the Third Five Year Development Plan (1979-1984) there has been a 
distinct shift away from oil, which has been the main source of energy for power 
generation. In the next plan (1985-1990) the main em -phasis is on the construction 
of coal fired thermal plants which will generate 65.2% of the total projected power 
produced by 1990 [20]. Indonesia's total coal reserve is estimated at about 16,000 
million tons, located mostly in South and Central Sumatra and in Kalimantan [21]. 
The total estimated hydropower potential is 31,000 MW of which only 4,000 MW 
of untapped potential is on the island of Java, which is the main load centre [22]. 
The balance is scattered among the various Outer Islands and the main reason why 
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so little emphasis has been given to hydropower development in recent years is 
because of the very large initial construction costs. However, this vast untapped 
renewable energy source could produce electricity which would be much cheaper 
than electricity generated from any other source. 
Development of the Java 150 kV transmission system began in Central Java in the 
early 1970's and now extends over most of the island. By 1985, PLN operated 
approximately four thousand kilometres of high voltage transmission lines (70/150 
kV) mostly on Java. Extensions from the main grid will provide delivery points to 
an existing and proposed 20/22 kV primary distribution network. Also, 
construction began in 1979 of a 500 kV (EHV) transmission system which will 
overlay the 150 kV system from the west coast of Java to Surabaya in East Java. 
Figure 5.2 shows the main features of the EHV and 150 kV systems. The EHV 
system will when completed interconnect major thermal power plants under 
construction at Gresik (200 MW), Semarang (300 MW) and Suralaya (3,100 MW). 
Coincident with the implementation of the EHV system, the 150 kV system will 
function as sub-transmission to a steadily expanding 20/22 kV primary distribution 
network as no intermediate transmission voltage is proposed to be developed in 
West or Central Java [23]. 
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Table 5.4: PLN Installed Capacity by Region 
by March, 1985 (MW) 
PLN REGION DIESEL STEAM HYDRO GAS TOTAL 
figures in 0 
are 
Z of total 
I 28.6 (100) - - - 28.6 
II 75.4 	(24) 130.0 0.1 104.6 310.1 
III 62.7 	(57) - 46.6 - 109.3 
IV 56.6 	(45) 25.0 1.4 43.9 126.9 
V 28.4 (100) - - - 28.4 
VI 85.3 	(74) - 30.0 - 115.3 
VII 54.6 	(79) - 14.6 - 69.2 
VIII 39.8 	(49) 25.0 1.7 14.5 81.0 
IX 15.2 (100) - - - 15.2 
X 22.0 	(99) - 0.2 - 22.2 
XI 78.4 (100) - 0.3 - 78.7 
SUB TOTAL 547.0 180.0 94.9 163.0 984.9 
EAST JAVA 7.8 350.0 205.5 67.5 630.8 
CENTRAL JAVA 27.9 106.2 80.4 61.9 276.4 
WEST JAVA 13.1 850.0 82.1 437.3 1,382.5 
TOTAL 595.8 1,486.2 462.9 729.7 3,274.6 
Source: Situasi Kelistrikan, Unpublished, PLN, Head Office, Jakarta, Indonesia (1985). 
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Early distribution facilities in Central Java were limited almost entirely to urban 
areas supplied by a small hydropower plant and a 30 kV transmission system in the 
middle of Central Java province and small isolated diesel gen-sets in other areas. 
The typical distribution system used 6 kV primary and 127/220 volt secondary. In 
1970, the voltage standards of 20 kV for the primary and distribution system was 
established for Indonesia [24]. Service voltages are being changed to 220/380 V, 
four wire, three phase and single-phase systems should be 220 V, two wire; and 
220/440 three wire. Replacement of the 6 kV/127 volt system will continue for 
some time before it is completed [25]. 
In Central Java the 150 kV main sub-stations, financed and designed by West 
Germany, have a secondary voltage 22 kV. Meanwhile, the USAID - financed 
system in the same province provides a 20 kV nominal secondary voltage. With 
few exceptions, the present 150/22 kV transformers are rated at 16 MVA and 
PLN's future installations will use the same size as standard [26]. The 2 kV spread 
between the systems can be reconciled by transformer tap settings. The 22 kV units 
have ten percent primary on-load tap changes whilMhe 20 kV units have both off-
load primary taps and ten percent on-load tap changes. Consequently, both 
transformer types can be set to deliver a voltage centred around 20 kV. 
The overhead distribution systems for the USAID funded r.e. projects were 
designed by a group of American consultants [27]. These distribution systems are 
nominal 20 kV, three phase, four wire and effectively grounded using a common 
system neutral. Radial three phase feeders are employed to serve three phase and 
single phase laterals and taps. Single phase loads are served by single phase, pole 
mounted, oil insulated, self cooled distribution transformers while three phase loads 
are served by a bank of three transformers. As shown in Table 3.1 the system 
frequency is 50 Hertz. The provisions of the American National Electrical Safety 
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Code, ANSI 2, 1977 governed the minimum standards for the design and 
construction of the distribution systems. 
The USAID funded distribution systems were developed as part of the first major 
programme of systematic r.e. in Indonesia and will be discussed in more detail in 
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5.3 Rural Electrification 
The first official interest in r.e. in Indonesia was expressed in 1972 in a 
Government Decree (No. 18) which directed PLN to undertake rural electrification 
along with urban electrification [28]. In 1976, PLN was directed by another 
government decree (016/PRT) to separate r.e. from its other power sector activities 
and to establish a sub-directorate for r.e.. A more comprehensive set of policy 
guidelines for the entire range of energy production and distribution was formulated 
in the State's Main Guidelines (1978) which refers in part to the electric power 
sector and r.e. [29]. It was stated that in relation to a national energy policy the 
development and utilization of energy should be based on an integrated energy 
policy. With respect to rural areas energy sources should be developed to provide a 
cheap supply of energy for rural communities and the development of electricity 
should aim at the improvement of the welfare of the people in both urban and rural 
areas and to stimulate economic activities [30]. Rural electrification in Indonesia is, 
therefore a part of a more comprehensive energy policy which stresses 
diversification of energy sources and their appropriateness for specific end uses. 
Government Regulation No. 36 (1978), allowed other agencies other than PLN, 
such as electric co-operatives and private suppliers to undertake r.e. projects and 
there are several agencies involved in r.e. and these are described in more detail 
below. 
5.3.1 institutional Structure 
Broadly there are three types of agencies which are engaged in r.e. in Indonesia; 
- 	State Electricity Authority (PLN) under the Department of Mining and 
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Industry; 
- 	Rural Electric Co-operatives organized by the Project Development Office 
(PDO) under the Department of Trade and Co-operatives; 
- 	Provincial/Local Authorities. 
In addition to the above agencies r.e. is undertaken by village associations, 
technical institutes and private suppliers. Although data regarding electrification by 
these groups is not readily available, PLN's estimate of this 'captive plant' (refer to 
section 5.2.2) suggests that it is significant. 
Only PLN and PDO are involved in a national programme of r.e. and these 
agencies will be discussed in more detail in later sections. However, some of the 
Provincial Governments have initiated regional electrification programmes where 
PLN's distribution lines have not yet reached. In particular, the Provincial 
Governments of Central and East Java have started to fund the electrification of 
small towns [31]. There is an agreement between the provincial governments and 
PLN that when the PLN grids extend to these areas the operation of the distribution 
system will be taken over by PLN. Therefore these systems may become integrated 
with larger grids and the management, operation and maintenance will be 
transferred to PLN, and has already taken place in some instances. As PLN's 
activities are mostly concentrated on the island of Java (see Table 5.4) it may be 
that the regional imbalances in electrification, especially r.e. will only be removed 
by the establishment of autonomous electricity enterprises by provincial authorities. 
However, a reduction of these regional inequities has been reflected in the 
programme of r.e. planned by both PLN and PDO in keeping with the 
government's goals. 
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5.3.2 Pilot Projects in Central Java 
Organized and systematic r.e. in Indonesia started in 1972 with the ten pilot 
projects in Centra Java, Luwu, Lampung and Lombok. (see Fig. 5.3 ). The 
projects were a joint venture of the Government of Indonesia with three foreign 
donors. USA!]) was the largest donor with a commitment of US $ 30 million in 
loans and $ 6 million as a grant. The Canadian International Development Agency 
(CIDA) was to provide a $ 21 million loan and a grant of $ 1.8 million. The 
Netherlands Government, the third donor had a loan commitment for $ S million 
and the Government of Indonesia's contribution was $ 30 million which makes a 
total of $ 93.8 million [32]. 
USAID's interest and involvement were high from the beginning which has shaped 
the objectives and nature of the r.e. programme. A short description of the projects 
prepared by USAID, Jakarta, lists the following components of the 
'lJSAID/NRECA' model used for the projects: [33]. 
- 	Area wide coverage of discrete service areas with at least twenty-five thousand 
households. The target in Indonesia was to achieve 50 percent of the 
connections within five years and 85 percent within ten years. 
Experience in three demonstration villages in the Kiaten area of Central Java 
showed that about 90 percent connection rate was achieved within a short period of 
sixteen months [34]. This finding is misleading however, as the three villages were 
deliberately chosen for their better than average economic conditions. Strout 
(1978) showed that only 1.7 percent of the rural households in Central Java had 
sufficient income to pay for energy and house-wiring charges as stipulated in the 
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Figure 5.14: Daily Load Curve at Aikmel (1st March, 19814) 
Source: Fieldtrip Notes 
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In the U.S.A. the costs of r.e. were substantially lowered by the R.E.A. and the 
rural electric co-operatives through technical and managerial innovations. For 
example, the cost of one mile of distribution line in the USA was reduced from US 
$ 2,000-3,000 (incurred by the private utilities) to about $ 720 at 1939 prices [36]. 
Electricity rates of 10-40 cents per kWh fell to almosi 2 cents per kWh, a price 
which the farmer with an average annual income of $ 1,800 could afford [37]. 
Even after making allowances for forty-five years of inflation, the costs and prices 
of electric power in rural Indonesia, with an annual income of less than $ 200 per 
capital, will have to be much lower. High tariffs were considered to be a factor in 
the slow progress of electrification in the seven project areas within Central Java 
(Table 5.5). 
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Table 5.5 Progress of USAID Funded Village Electrification in Central 
Java, by PLN (As of 19/3/84) 
Location Target Realised 
Villages Consumers Villages Consumers 
Klaten 96 25,000 25 5,413 
Sragen 49 15,000 12 1,349 
Wonogiri 54 15,000 7 584 
Sleman/Bantul 21 20,000 17 4,044 
Magelang 83 20,000 16 1,542 
Pemalang 104 15,000 16 2,834 
Banyumas/Cilacap 35 20,000 16 2,701 
Total 442 130,000 109 18,467 
Source: PLN, R.E. Planning Division, Jakarta 1984 
Project goals have been over-estimated for the seven U.S.A.I.D. funded r.e. 
projects, implemented by PLN. If these projects are implemented as designed, large 
subsidies will be required in addition to the existing loans. The feasibility studies 
have been criticized as depending too heavily on the response of village leaders, 
who are economically better off in relation to most rural people, and who made a 
strong case for domestic use of electricity [38]. Another important factor is that the 
idea of having electricity at home will be rejected by very few people, especially 
when they are unaware of the costs. In addition, the implementing agencies such as 
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PLN, or the PDO co-operatives have the conflicting pressures of raising tariffs for 
financial reasons and lowering them for achieving a higher connection rate. 
The next section gives details of the progress of PLN's r.e. programme throughout 
the country and is followed by an analysis of the implementation of the rural 
electric co-operatives projects on the Outer Islands. 
5.3.3 Present Status of PLN Rural Electrification Programme 
Indonesia consists of many islands which are administratively divided into twenty 
seven provinces, two hundred and forty districts, three thousand two hundred sub-
districts and over sixty four thousand villages [39]. PLN defines "village" in the 
context of r.e. as a rural community/village not situated within either a provincial 
and district capital, or an administrative town [40]. 
With the establishment of the sub-directorate for r.e. within PLN in 1976 a limited 
programme of r.e. was initiated. By the end of the Government's Second Five 
Year Development Plan in 1979, a total of two thousand and forty villages had 
been electrified by PLN [41]. This represented only 3.5 percent of the total number 
of villages in Indonesia. The PLN r.e. programme gained momentum in the third 
five year plan with 8,364 villages electrified by March, 1984 representing an 
increase of 6,536 villages and an extra 1.1 million consumers. 
Table 5.6 shows a break down of the numbers of electrified villages per PLN 
Region by March, 1984. The total of 8,364 villages represents 13.1 percent of the 
total number of villages in Indonesia. 
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Table 5.6: PLN Rural Electrification of Villages in Indonesia, by March 1984 
PLN Region Total Villages Electrified Villages (% of total) 
I 5,462 186 (3.4) 
II 5,631 760 (14.2) 
ifi 4,393 1,036 (23.6) 
IV 6,088 569 (9.3) 
V 4,685 126(2 -.7) 
VI 3,259 251 (7.7) 
VII 2,527 527 (20.9) 
Vifi 1,823 179 (9.8) 
IX 1,693 116 (6.9) 
X 892 027 (3.0) 
XI 4,566 411 (9.0) 
East Java 8,839 1,390 (15.7) 
Central Java 9,461 1,588 (16.8) 
West Java 4,687 1,198 (25.6) 
Total 64,006 8,386 (13.1) 
Source: PLN, Sub-Directorate of Rural Electrifica!ion, Jakarta, 1984 
The total cost of r.e. in the third five year plan was app;oximately US $ 380 million 
and this was made up from loans from the government of US $ 314 million, US $ 
35 million from PLN's budget, US $ 10 million from local governments and US $ 
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17 million loan from USAID [42]. 
The main target of REPELITA IV (the Fourth Five-Year Development Plan) is to 
electrify most of the Swasembada (self-supporting) villages while the less developed 
villages Swadaya and Swakarya will be electrified during subsequent plans [43]. A 
total of seven thousand villages were planned to be electrified at a rate of one 
thousand four hundred villages per year. The villages were to be connected to a 
distribution network, however, in areas not yet reached by PLN distribution lines, 
available micro-hydro resources were to be developed. Finally, if there were no 
such resources, the villages were to be electrified using diesel gen-sets [44]. Table 
5.7 below shows the power sources for the village electrification programme in each 
of the PLN regions. 
Table 5.7 Estimated Number of Villags to be Electrified (1984-1989), 
by Power Source. 
Number of Villages 
PLN_Region  
Grid Diesel Micro* Total 
Hydro  
I 132 87 11 230 
II 525 130 95 750 
ifi 219 90 61 370 
IV 330 107 33 470 
V 47 38 10 95 
VI 212 103 10 325 
VII 144 67 64 275 
Vifi 212 95 18 325 
IX 79 60 26 165 
X 7 27 6 40 
XI 306 196 28 530 
East Java XII 982 - 18 1000 
Central Java Xffl 1435 - 15 1450 
West Java 	1 970 - 5 975 
Total 1 5600 1000 400 7000 
* Includes plants of up to 3 MW installed capacity 
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Source: PLN, R.E. Planning Division, April 1984 
The physical targets associated with the electrification of seven thousand villages are 
the following; 
- 	Additional 132 MW of diesel installed capacity and 56 MW of micro-hydro 
installed capacity. 
- 	The construction of 21,000 kms of both medium and low voltage networks as 
well as 877 MVA of transformer capacity (including sub-stations and 
distribution transformers). 
- 	The connection of 1.6 million new consumers [45]. 
The total cost of the programme was estimated at US $ 916 million and is to be 
funded mostly by the Government of Indonesia as well as limited funds from PLN 
and USAID. The calculations on which the above figures are based include the 
assumptions given in Appendix 9. PLN has a programme target of the 
electrification of 30,000 villages by the year 2003 with an extra 12 million 
consumers. However, this was considered to be an extreme over-estimate by the 
staff of the R.E. Planning Division of PLN. 
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5.3.4 Pilot Rural Electric Co-operatives 
The three rural electric co-operatives in Lampung, Lombok and Luwu (see Figure 
5.3 ) were launched in 1979 as experimental projects for distributing electricity to 
villages which are located in isolated areas, especially on outer islands where PLN 
electricity lines were unlikely to reach for many years. These co-operatives were 
also an experiment to study whether people's ownership and management of 
electricity in the rural areas presented a viable alternative to the state power 
company, PLN. The three co-operatives located in South Sumatra, East Lombok 
and South Sulawesi were established under the direct control of the Director 
General of Co-operatives. A special technical division, the Project Development 
Office (PDO) was created to initiate and supervise the programme [46]. 
As originally planned, the three co-operatives should have been fully operational 
and financially viable by the end of 1983. The donor agencies which participated 
in these projects by providing funds and technical expertise were USAID, CIDA 
and the Government of Indonesia (GOl) The financial commitments of these 
agencies in accordance with the original agreement were: 
USAID: 	US $ 18.5 million in grant and loan for establishing distribution 
network and for the technical expertise in the management and 
organization of the co-operatives. 
CIDA: 	US $ 18 million in grant and loan for the supply and installation of nine 
units of 2.1 MW diesel operated generating sets. 
GOl: 	US $ 17 for contractors, staff salaries and building, $ 9.5 million for 
generation. 
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Physical targets and time schedules were set according to a feasibility study 
conducted by NRECA consultants. However, by April 1984 the projects were in 
complete disarray and the progress to that date us shon in Table 5.8 below [47]. 
Further information on the co-operatives is given in, Appendix 10. 
Table 5.8. Planned Targets and Achievennts of R.E. Co-operatives 
(by April 1984) 
Planned Targets 	Achievements 
(by April 1984) 
Power Generation 
Interim (GO!) 	500 kW x 2 x 3 = 3 MW 	None 
by December 1980 
Final (lDA) 	2.1 MW x 3 x 3 = 18.9 MW 	None 
by December 1981 
Distribution Network 
(USAID) 	 By December 1981 
No. of villages: 	 207 	 15 
No. of consumers: 61,500 5,599 
Source: NRECA, Team Report PDO, April 1984, Jakarta 
It is clear from the above table that the project had already been delayed by at least 
four years. Further delays in receiving the main Canadian generators could set the 
project back by several more years. The consequence of this delay were that costs of 
projects had risen and it was extremely doubtful that they will become even 
marginally viable. The Government of Indonesia will have to provide continuous 
subsidies over and above its original commitments even if the co-operatives are 
allowed to raise their tariffs to finance the extra costs [48]. 
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The most crucial part of the project without which very limited progress can be 
made is power generation. By April 1984, except for some small-scale power 
generation with diesel sets procured by USAID from US Army Surplus stores, no 
major generator was in place. The six interim 500 kW sets had not been installed 
although their arrival was expected later in the year. An even more difficult 
situation had been created by the uncertainty regarding the procurement and 
installation of the nine heavy Canadian 2.1 MW diesel sets and it was possible that 
the Canadian loan would not be forthcoming [49]. 
The distribution network funded by U.S.A.I.D. had also been delayed due to the 
severe shortage of wood poles, especially in Lampung and Luwu, but the 
construction work was in progress and was expected to be completed by 1985. This 
had created a frustrating situation for the consumers who had their houses wired up 
had no electricity supply. 
The following observations were made on a visit to Sinar Rinjani Rural Electric 
Co-operative in April 1986. 
The Lombok Co-operative was serving one thousand, seven hundred and ten 
members from approximately forty kilometres of primary and secondary distribution 
lines. A membership drive was in progress and the number of membership 
applications received was over four thousand. The co-operative had fifty full time 
employees and the headquarter facilities were completed at a cost of $ 400,000. A 
contractor was constructing the main electrical distribution system consisting of 155 
kms of primary and secondary lines which was scheduled for completion by the end 
of 1984. Contract electricians were installing house-wiring and co-operative line-
crews were installing service drops and kWh meter entirnces. 
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The power plant, located at Aikmel, Lombok with an installed capacity of 550 kW 
provided electric service on a twenty four hour basis. Installation of additional 
generation capacity to keep-pace with new consumer connections, was a major 
problem. At the time of the visit two of the six U.S. Army Surplus generators at 
the plant were out of service. As a result, output voltage from the gen-sets must be 
lowered over evening peak-load conditions to keep the kW peak within generating 
capacity. Therefore for 1.5 hours, between 7 pm and 8.30 pm, in the evening the 
voltage was reduced from a base level of 220 V down to 160 V. Figure 5.4 shows a 
daily load curve at Aikmel which highlights the night-time peak load for lighting 
purposes. The peak load was 245 kW but during the day the load was only 
measured at around 30 kW, between 12 noon and 5 pm. During the month of 
April in 1983 the total energy produced at the plant was 57,564 kWh but only 
40,455 kWh were sold. This reflects the twenty four hour a day supply of 
electricity with periods of extremely low demand (see Appendix 10). 
The lack of generating capacity was a problem at the co-operative and halted 
connections of potential consumers. Since the co-operative started operation in 1980 
the number of consumers rose for two years up to 2,078 consumers, however due to 
the doubling of electricity prices in 1983 to 65 Rp/kWh the number of consumers 
dropped by April 1984, to a total of 1,710 consumers. This drop of 18 percent 
illustrates the problems of encouraging connections by maintaining affordable 
electricity rates or attempting to cover costs. Even at 65 RpIkWh, due to the high 
costs of diesel generation, the co-operative was subsidizing the cost of producing 
electricity by 73 Rp/kWh. Due to the difficulties the co-operative in Lombok was 
facing due to the lack of generating capacity it was not possible to judge the 
effectiveness of the co-operative system in the Indonesian context. A more suitable 
form of co-operative, would be the Philippine example, where most co-operatives 
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bought power from a national power utility. PLN should be encouraged to provide 
power to the co-operative projects as their regional grids will eventually cover the 
regions in which the co-operatives are sited. 
The next chapter includes a study of the electrification of six villages in Indonesia 
by PLN, and discusses the pertinent factors involved in load forecasting. 
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Notes to Chapter Five 
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Yearbook). 
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Plkan, (1979/80 - 19834), Jakarta, 1979, p.  43, (Unpublished). 
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Fieldnotes, Interview with Planning Division Engineer, Planning Division, 
Jakarta, March 1984. 
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CHAPTER SIX 
APPRAISAL OF LOAD FORECASTING CRITERIA IN INDONESIA 
Load forecasting is necessary, particularly at the outset of an r.e. programme as 
levels of load required will impact on principally technical and costing and 
budgeting considerations in a programme. 
The criteria which could apply to load forecasting are set out in this chapter. 
Appraisal of the criteria for load forecasting is restricted to those applied, some 
formally and others less so, in Indonesia in view of the stage of the r.e. programme 
in that country and the author's access to information. 
6.1 Indicators of Load Demand 
Clearly load forecasting will be dependent upon information regarding the existing 
and future demand for electricity. From the author's survey and evaluation of 
information gathered during field work and from the data available, the author has 
identified three main indicators of demand for electricity, namely: 
Affordability, 
Development potential of rural areas, 
Present energy use. 
These indicators are now considered in detail. 
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6.1.1 Affordability 
Electricity is not an essential item of consumer expenditure but due to years of 
increasing dependence in industrial economies, electricity has been elevated to the 
status of a virtual necessity. This is not yet the case in many LDCs and is far from 
the case in rural South-East-Asia. 
The desire for electrification as encountered and expressed during field surveys to 
rural villages and rural households in Indonesia was unmistakable. The 
affordability of electricity for rural households is a critical factor in determining 
whether this desire is converted to demand. 
Generally, the greater the household income, the greater the demand for electricity 
and while there will be other factors pertinent to load development and other 
criteria to be considered, this remains the dominant factor. As a result, if a rural 
household is too poor it will be unlikely to be connected to an electricity supply 
whereas households with sufficient cash income will almost certainly obtain an 
electricity supply, regarded as an item of consumption of great convenience and 
status [1,2]. Whether rural household incomes are such as to be able to generate 
sufficient surplus over and above basic rural household needs, so that electricity 
may be purchased, is the underlying theme of the following analysis. 
The ability to pay must be taken together with the price at which electricity is 
supplied, to measure "affordability" of electrification to rural households (see 
section 2.2.5). Since the introduction of a large scale r.e. programme for Indonesia 
in the mid-1970's, spearheaded by the USAIDINRECA team, there have been 
several studies which have been aimed at assessing the "affordability" of electricity. 
The first such study by the Bogor Agricultural Institute in 1977 concluded that fifty 
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percent of all rural households surveyed would be able to afford electricity at rates 
estimated at that time [3]. Another study by Crystal (1980) found that fifty nine 
percent of households surveyed would not be able to afford an electricity bill of Rp 
2,000 per month and that only twenty percent could afford to pay in excess of Rp 
2,500 per month [4,5]. However this survey deliberately ruled out households 
situated along a main or paved road. Yet this is exactly where there could be 
expected to be a comparatively high connection rate. However, Crystal's non-
quantitative findings are - most valuable as the uncertainty of rural household 
incomes is stressed, especially when the household has very little or no land and is 
dependent upon irregular agricultural or small-industrial labour. This study also 
revealed that while electricity and its benefits are readily appreciated, the PLN RE 
Programme was viewed by many such households with caution and some suspicion. 
The major cause for concern was the burden of the fixed monthly charge (demand 
charge plus connection/housewiring credit repayments) in relation to a precarious 
and irregular flow of household income [6]. 
6.1.2 Development Potential 
The development of rural areas and the potential increase in the level of load 
required which may result from that development will be an important factor in 
load forecasting. 
In Indonesia the development status of villages classified by the Ministry of the 
Interior is of special importance in load forecasting, in that it combines measures of 
economic advancement with socio-cultural readiness to accept and utilize electricity 
[7]. The development status of villages is classified according to seven indicators as 
shown in Table 6.1 below. 
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Table 6.1 Village Development Status 
Economic Factors 
1 
Economic Activity 	Mainly Primary 
. 	Psop'u-t.,, 	- 




Large Tertiary Sector 
g. too 
Sufficient 
Customs 	 Very Traditional 	 Not binding 
InstitutionlLeadership Primitive 	 Advanced 
Mutual co-operation 	Latent Manifest 
Education 	 <30% Primary School Graduate 	 >60% 
Source: PLN, Sub-Directorate of Rural Electrification, Jakarta, Indonesia, 
Unpublished. 
Each of the indicators in Table 6.1 are ranked from a score of one to three. 
Villages are categorised according to the number of points they score on the 
indicator scale, from a minimum of seven to a maximum of twenty one points. The 
higher the score the greater the development potential. 
A 'swasembada" (self supporting) village is one scoring seventeen or more points, 
"swakarya" (self working) from twelve to sixteen and "swadaya" (self helping) below 
eleven points. 
The development status, or Swa-status, of a village is a most informative first 
approximation for the potential of a village for electrification purposes and hence 
for assessing the type of load development required. Indeed it was the Indonesian 
Government's policy that all swasembada villages (some 3,700 villages) should have 
been electrified by the end of 1984 [8]. However, swa-status cannot be regarded as 
a sufficient criterion for determining potential electricity demand. For example, a 
swasambada village, which has a high score from the socio-cultural indicators, may 
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still not have sufficient cash income, due to a subsistence farming economy, for a 
large number of households to be able to afford electricity. Nevertheless, this 
method still remains a useful indicator for comparing villages' potential demand for 
electricity. 
It must be noted that the "swa-status" model of development potential does not take 
into account factors external to a village but none the less influential in its 
development potential for example, the existence of non electric power sector rural 
development projects. It will therefore be necessary to-co-ordinate with other rural 
development programmes in order to be able to isolate new autonomous loads 
which may be anticipated in particular areas over the forecasting period. 
Further to the swa-status a readily identifiable measure of the potential connection 
rate is the extent of land ownership amongst those of the workforce engaged in 
agriculture. A village where a high proportion of the agricultural workers own 
their own land will normally require a higher connection rate to electricity supplies 
[9]. Other indicators of the comparative material wealth of a village include (i) the 
type of housing, and (ii) the consumer goods ownership. Higher cash incomes are 
generally accompanied by a higher proportion of permanent or semi-permanent 
housing and ownership of such consumer items as vehicles, or domestic appliances. 
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6.1.3 Present Energy Use 
A measure of household incomes which is possibly the single most important 
criterion for determing electricity demand potential is the present energy use in 
general, and the use of pressurised kerosene lamps for lighting purposes in 
particular. Typically, a rural household uses firew000d, agricultural waste, 
kerosene or charcoal for cooking purposes and will usually continue to use such 
energy sources after electrification due to their lower costs (see section 1.6). Pre-
electrification, it may use battery powered appliances, namely radio's, televisions or 
portable tape recorders [10]. Usually a rural household will have no means of air 
cooling or refrigeration with or without electricity but will often change to using an 
electric iron upon electrification [11]. 
However it is the usage of kerosene for lighting purposes that is of special interest. 
Firstly, rural households often equate electricity with lighting, and the use of 
electricity will, certainly in earlier years, be mainly confined to lighting purposes. 
Secondly, there are many variations in the type of lighting and in the usage of 
lighting from kerosene sources amongst rural households and these differences offer 
a guide to household cash income likelihood of connections and likely electricity 
consumption once connected. This also provides a measure of the household's 
appreciation of good quality lighting for reading, security or commercial activities. 
A typical rural household uses either a soaked wick kerosene lamp or the 
pressurised kerosene lantern, or a mixture of both, for lighting. The main 
difference is that the wick lamp provides a modest light whereas the pressurised 
lantern, or "petromax" lamp, provides a bright light but consumes much larger 
quantities of kerosene. (See section ). For the purposes of load forecasting, there 
are two measures which should be able to provide information on the use of 
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kerosene for lighting; firstly the consumption of kerosene per household for each 
village and secondly the proportion of households which own petromax lamps. In 
Indonesia, national figures exist on the former measure but as kerosene use for 
cooking purposes is more prevalent in densely populated and increasingly deforested 
areas, details of petromax lamp ownership would be more useful for load 
forecasting [12]. Data on petromax ownership in Indonesia should become 
available as the 1984 census nationwide survey, undertaken by the Ministry of 
Mines and Energy, included the question of the use of petromax lamps [13]. 
The three indicators of load demand should prove definitive indicators of 
forecastable extents of hook-up and electricity consumption of households in rural 
villages and are given below in order of importance; 
Development Potential - particularly swa-status 
Present Energy Use - particularly petromax lamp ownership 
Affordability - particularly (i) Agricultural Land Ownership 
(ii) Material Indicators 	 (including Type 
of Housing) 
6.2 Load Promotion 
This section discusses the potential for influencing the rural household's demand for 
electricity by methods which the suppliers of electricity can utilize. 
6.2.1 Charges 
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The initial down payment that a rural household has to make is one of the 
fundamental determinants of the connection rate in a village. A low connection 
charge coupled with a low housewinng charge will lead to a higher connection rate 
than where such charges are relatively high. In Indonesia, PLN's general policy is 
that connection charges should reflect the actual costs incurred by tapping from the 
secondary distribution line to the roof top. Such costs, reflecting regional 
differences in landed costs of materials and in labour rates vary significantly 
between regions [14]. 
However, a PLN ruling of August 1982 established a uniform connection charge for 
rural households of Rp 30,000 for a connection of less than 500 VA. Thus there is 
now standardization of small rural household connection charges, but there is still 
large differences between regions for the credit terms offered [15]. 
Connection and housewiring charges, and the credit terms under which they are 
negotiated, are most crucial to the determination of household connection rates. 
Evidence of this relationship can be found in three village pilot projecisin Kiaten, 
Indonesia, where the principle of blanket coverage was tested in 1979. Households 
were offered a package whereby local PLN trained teams were engaged to do both 
house connections and housewiring. The households were then offered, for a 
period of three months only, a credit deal whereby the costs (Rp 60,000 for a 450 
VA connection) of these charges would be repayable over a 48 month period. The 
outcome was a 85 percent immediate hook up response amongst these rural, 
although effectively suburban households [16]. 
It is in the electricity authority's interest and also important for the success of any 
r.e. programme to maximise the number of connections per kilometre of 
distribution line and hence reduce the investment costs of r.e. per kWh consumed. 
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It would therefore appear to be advisable that r.e. programmes should adopt a 
package of connection and housewiring charges at a level to encourage connections. 
An increase in demand for connection in each village electrification project could 
be promoted by an electricity authority by deferring immediate receipts of 
connection charges while phasing them over a one or two year period by means of a 
credit offer. 
With regard to the costs of electricity to rural households following connection, 
clearly the level of tarrifs can be set to encourage demand. In Indonesia the ability 
of PLN to influence the demand for rural electricity by manipulating tariffs is 
curtailed by the nationwide urban/rural and contracted power fixed tariff rates (see 
section 5). Greater flexibility in setting tariffs in rural areas with regional and 
rural/urban differences taken into account could be used to encourage electricity 
demand in rural areas. 
It must be recognised however, that although charges (connection and tariff) can be 
used to promote demand for electricity the potential resultant benefits of increased 
demand must be considered in relation to the financial viability of the project as a 
whole. 
6.2.2 Promotion Programmes 
At the simplest level, no r.e. programme should be undertaken without some 
attempt at instructing the householders in the rudiments of electricity use. For 
example, information should be given on the convenience of the service, the 
dangers of tampering with wires, the illegality of tapping from a neighbour and the 
economics of using low wattage light bulbs. However a load promotion programme 
should not approach the scale of an aggressive propaganda campaign to persuade all 
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households to become connected as many of those who may be induced to have an 
electricity supply may be unable to afford such a service. The Kiaten Evaluation 
showed that energy expenditures by rural households in the lowest income groups 
were more than doubled as a result of electrification [17]. With energy 
expenditures of the poorer households amounting to 15 to 20 percent of household 
incomes, it may not be advisable to encourage such households to have an 
electricity supply. The supply of electricity to households which cannot afford it 
could increase bad debtors and lead to increased collection costs and disconnection 
charges. 
A delicate balance would appear to be necessary, therefore, to avoid putting undue 
pressure on the poorer households to hook-up. Despite being in the r.e. 
programmes' financial interests to have the maximum number of connections, 
electrification should be regarded as contrary to the financial interests of some of 
the poorest households and to the r.e. programmes themselves. In general, a 
modestly pursued load promotion programme with a fair emphasis on the financial 
responsibility incurred with a consistent offer of credit would avoid these problems. 
In any given village not all households would normally be given the opportunity of 
a connection, whether they would wish to or not, and regardless of credit or 
promotion encouragement. This is due to the economics of distribution coverage, 
limited capital resources and that low voltage distribution lines would be extended 
to all isolated packets of rural households. This assumes the absence of an NRECA 
area coverage approach [18]. 
The "location pattern" of a village therefore, will have a major effect in determining 
the load development of a village. A "centralised" village would have a higher 
distribution coverage than villages in which households are grouped in "dispersed 
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packets" or are "highly scattered". In Indonesia, the distribution coverage has often 
been determined by the type of electricity supply. An isolated diesel unit, for 
example, with a capacity of 50 kVA is unlikely to be capable of supplying electricity 
to a whole village and distribution coverage will only be extended until connected 
load reaches the maximum which can be supplied. 
6.3 Commercial/Productive and Community Demands 
Load demand is dependant both upon the number of consumers and the volume of 
these consumers requirements. The greatest demand for volume is likely to come 
from commercial and 'community' consumers, and load forecasting in relation to 
these consumers is considered here. 
6.3.1 Commercial and Productive Loads 
Demand for electricity from commercial consumers, as to a lesser extent for 
households, will be influenced by the income derived from the productive 
enterprise. It will also be sensitive to tariffs, connection charges, ease of credit and 
load promotion programmes. Productive load connections will be more dependent 
than households upon the type and duration of electricity supplies as a twenty-four 
hour supply may be required. 
In Indonesia, the financial incentive for the productive diesel load to connect to a 
distribution system is minimal as a result of the high connection charges [19]. 
However, the connection of diesel loads would significantly improve the typically 
poor load factors associated with r.e., and an improved load factor would increase 
the financial and economic returns of an r.e. project. The main problem with 
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individual diesel loads for rural load forecasts is the unpredictability of such loads 
connecting to the distribution system, assuming there are adequate power supplies. 
The decision will often be taken at the expiry of the active life of the existing diesel 
generator. 
6.3.2 Social and Public Loads 
Religious centres, community centres, clinics, schools and local government offices 
are often some of the first connections in village electrification. Such consumers are 
typically located in central areas in the villages and could make use of electricity, 
albeit initially for lighting purposes. Street lighting is typically a major user of rural 
electricity, the provision of which is often cited as one of the greatest benefits in 
village electrification. Load forecasts should allow for a steady annual increase in 
the number of street lamps per village [201. 
6.4 Data on Load Development 
The data available on the Indonesian r.e. programme useful for load forecasting are 
given below. The three parameters which largely determine the load development 
of rural villages are; 
household connection rates; 
household average consumption; and 
commercial average consumption 
A World Bank Paper (1975) estimated a typical initial set of conditions for r.e. in 
various countries, of average consumption per consumer of 50 kWh per month and 
a load factor of 20 percent. The rates of growth of loads were estimated to be in 
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the region of 20-40 percent per annum [21]. 
In Indonesia, PLN's statistical reporting does not differentiate between rural and 
urban loads and the resultant figures are therefore a mix of rural and urban data. 
Table 6.2 below shows the average monthly residential power consumption in the 
Ri (residential 1) category with a power level not in excess of 500 VA, in each of 
the PLN regions in Indonesia. Table 6.2 shows the average monthly residential 
power consumption in the Ri (residential 1) category with a power level not in 
excess of 500 VA in each of the PLN regions in Indonesia. 
Overall, the average consumption ranges from 37 kWh per month in Region Vifi 
(South Sulawesi) to 74 kWh per month in Region X (Irian Jaya) with the average 
consumption for all Indonesia is 59 kWh per month. 
6.4.1 The NRECA Load Model 
Against a background of limited data on rural average electricity consumption levels 
and connection rates, the NRECA feasibility studies of 1976/77 attempted to 
formulate a realistic set of data. Table 6.3 presents a synopsis of the NRECA 
model. 
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Table 6.2: PLN Regions' Average Monthly Residential Consumption 




I ACEH 2,068 48 
II MEDAN 92,978 72 
ifi PADANG 31,651 54 
lv PALEMBANG 4,304 63 
V PONTIANAK 18,035 66 
VI BANJAR BARU 57,683 58 
VII MANADO 35,607 52 
VIII UJUNG PANDANG 65,154 37 
LX AMBON 8,504 60 
X JARAPURA 2,519 74 
XI DENPASAR 59,243 44 
XII EAST JAVA 121.808 73 
Xffl CENTRAL JAVA 161,194 59 
XIV WEST JAVA 256,835 59 
ALL INDONESIA 917,583 59 
Source: Unpublished, PLN Head Office, Jakarja, 1984. 
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Table 6.3 - NRECA Feasibility Load Model 
1 
Year After Electrification 
5 10 15 
Households 
Household connections 
(as a percentage of 
households in year 0) 
- Klaten 50 70 92 95 
-Java 40 60 82 90 
- Outside Java 30 45 68 80 
Average consumption 
(kWh/month) 18-22 24-30 38-47 49-61 
Commercial 
Connection rate 
(% of households) 4 4 4 4 
Average consumption 
(kWh/month) (six times those for households) 
Street lights 
Number per village 7 13 18 23 
Average consumption 45 45 45 45 
(kWh/month) 
System Loss (%) 23 19 14 11 
System Load Factor (%) 28 32 37 40 
Source: NRECA, Rural Electrification Feasibility Studies, Jakarta, 1977. 
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The NRECA model refers to a total area coverage approach to r.e. hence initial 
connection rates were high and intended to be raised to such levels by promotion 
programmes and credit schemes, whereas forecasts of average consumption are low 
compared to the consumption levels given in Table 6.2. The model takes the initial 
number of households in year zero as the basis for consideration of the connection 
rate. On the assumption of a 2 percent per annum rate of growth households in a 
rural village, the number of households in year 15 will be 1.35 times the original 
figure [22]. The apparently high forecast of 92 percent household connection rate 
in year 15 for Klaten is equivalent to 70 percent of total households in year 15. For 
a more accurate forecast, models should include the rate of grosh of rural 
households. 
6.4.2 The PLN Load Survey 
In 1980 the Operations Division of the Sub-Directorate of Rural Electrification in 
PLN collected data on average monthly electricity consumption per residential 
consumer for a selection of rural villages. The results are presented in Table 6.4 
and show average consumption levels for the one hundred and sixty seven rural 
villages selected. This survey is a useful indicator of ranges of consumption and 
shows that in nine of the fourteen regions there were levels in excess of 40 
kWh/month for every 40 percent of rural households. However, the survey gave no 
indication of distribution coverage in the villages or the connection rates of the 
households covered, so the relation between connections and average consumption 
could not be examined. 
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Average Monthly Metered Consumption (kWh) 
(% of total households) 
<20 	20-40 	> 40 	Average 
I 8 437 18 	34 	48 39 
II 10 1,776 5 	56 	39 38 
ifi 10 2,092 26 	74 	 - 27 
IV 8 839 5 	16 	79 49 
V 5 413 17 	30 	53 40 
VI 6 829 15 	37 	48 30 
VII 22 3,135 - 	24 	76 50 
Vifi 12 63 - 	91 	 9 31 
IX 20 2,093 20 	28 	52 39 
X 5 403 16 	22 	62 39 
XI 15 4,173 35 	28 	37 33 
XII 15 4,635 26 	46 	28 30 
Xffl 15 5,286 15 	31 	54 41 
West Java 16 3,927 23 	35 	42 37 
All Indonesia 167 30,101 37 
Source: Unpublished, PLN Head Office, Jakarta, 1980 
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6.5 Field Survey 
Following the survey of the information available from the PLN on load forecasting 
the author visited six villages to gather information on household distribution 
coverage, connection rates and electricity consumption with reference to the 
electricity demand indicators detailed in Section 6.1. The villages were selected in 
order to provide a broad cross-section of villages in terms of:- 
swa-status; 
household connection rates; 
average household consumption levels; 
commercial, agricultural/industrial activity; 
type of supply (grid, urban link, isolated system); 
regional economy. 
The visits were undertaken in March and April 1984, accompanied by staff of PLN 
R.E. Planning Division. In each village the village chief was interviewed, as well as 
officials from the local PLN offices, with particular reference to:- 
history of electrification; 
distribution coverage and household connection rate; 
factors pertinent to the level of average household electricity consumption i.e. 
general material wealth of village; 
availability and ease of credit for connection/housewiring charges; 
promotional drive/use of applicances; 
supply constraints; 
Wiz 
(v) alternative energy use (also prior to electrification) 
(d) the productive use of rural electricity, whether commercial, industrial or 
agricultural. 
























holds lines consumption PLN house- system) 
(kWh/month) connect- wiring 
ion 
Salaman 699 460 66 185 40 59 6 	0 1977 	G 
Gergunung 611 580 95 460 79 40 48 	48 1979 	G 
Pakong 933 190(a) 19(a) 162 85(b) 98 20 	4 1977 	I 
Pujon Lor 870 350 40 175 50 72 0 	0 1971 	G 
Singapadu 1800 1230 68 441 36 33 10 	2 1979 	G 
Peliatan 941 620 - 	 66 259 42 41 10 	2 1977 	G 
Notes: 	(a) Many potential consumers were awaiting extended coverage 
(b) Only 13 hours of supply each day 
Source: Field Survey, 1984 
Table 6.6: Electricity Demand Indicators 










(per 1,000 Households) 
T.V. 	Vehicles 	Motorbike 
Salaman Swasembada N/A 38 55 134 	1 	68 
Gergunung Swasembada 50 52 N/A 137 	23 	59 
Pakong Swasembada 30 100 80 52 	50 	43 
Pujon Lor Swakarya 25 50 80 N/A 	N/A 	N/A 
Singapadu Swasembada 50 50 67 22 	11 	25 
Peliatan Swasembada 65 50 100 159 	48 	253(c) 
Notes: N/A Not available 
Based on a random sample of non-electrified households in the village 
See notes. 
(c 
Source: Field Survey, 1984 
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Notes to Table 66 
These figures are estimates based on information supplied by the village chief. 
Permanent housing being defined as houses with concrete floors. 
Large numbers of motorbikes hired out to tourists. 
Brief background sketches of the villages visited are given in Appendix 11 
highlighting the location and accessibility, the socio-economic conditions and 
the history of electrification and the location of the villages is shown in figure 
6.1. Due to time constraints and often remote geographical locations it was 
not possible to widen the survey to cover more than the three islands of Java, 
Bali and Madura. However, short visits were made to electrified villages in 
South Sumatra and Lombok. 
The results of the survey are given in Tables 6.5 and 6.6 and are discussed in 
detail below. 
6.5.1 Distribution Coverage 
The concept of distribution coverage could be defined as the connection of 
those houses within reach of the electrical distribution system. To remove any 
ambiguities the final definition included the constraints that the houses were 
within 100 metres of the existing distribution system, requiring no further 
erection of poles. The results shown in Table 6.5 show wide divergence of 
distribution coverage rates between nineteen and ninety-five percent. The 
NRECA pilot village of Gergunung employing the blanket coverage on 
approach reached 95 percent. 
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It was discovered that there were four main criteria governing the extent of 
distribution coverage, namely;- 
type of supply - in the case of the isolated diesel unit at Pakong, the 
distribution network was extended only until sufficient connections had been 
made to balance the VA supply, 	 - 
distribution-line poles and PLN budget - all villages asserted that there were 
many potential consumers awaiting connections, but that PLN's budget and 
the erection of further poles appeared to be the major constraint; this was 
especially noticed in Pujon Lor which was on a grid but with low distribution 
coverage; 
location pattern - every village visited could be said to be alongside and 
trading from a main through-road between two urban centres. The more 
widespread the village away from the main road as with Pakong and Pujon 
Lor, the lower the coverage; 
village prosperity - the three villages of Salaman, Singapadu and Peliatan are 
examples of grid supplies to villages with a high standard of living, where the 
distribution network is not restricted to the main road only but forms a grid 
pattern within the village. 
The distribution coverage rate was found to be an important factor in determining 
household connection rates and electricity consumption rates. A low coverage will 
generally imply that only the central areas of a village will be covered. Those are 
the areas with the greatest concentration of commercial, social and public outlets 
and will be likely to include a higher ratio of the wealthier household connection 
rate and a higher average household electricity consumption. 
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6.5.2  Household Connections and Consumption 
Once the distribution coverage had been determined the connection rate was 
defined as the number of residential connections divided by the number of 
households in the area covered. Table 6.5 shows the household connection rates 
which range from 36 percent in Singapadu to 85 percent in Pakong, but with a 
grouping of 40 to 50 percent covering three of the six villages. Major factors 
pertinent to household connection rates were perceived to be the distribution 
coverage, credit village prosperity and supply constraints. 
The village visits revealed large variations in the terms of credit for r.e.. The 
NRECA Gergunung project had forty-eight months of credit for both connection 
and housewiring changes which has resulted in a higher than average connection 
rate of 79 percent. An attempt was made to assess the reasons behind different 
average household monthly electricity consumption levels in the villages. It was 
found, in general, that a higher consumption could have resulted from either a 
lower distribution coverage, a higher material prosperity or a mixture of the two 
factors. In each village quantitative information of village material prosperity is based 
on the electricity demand indicators noted in section 6.1.3. Table 6.6 is a summary 
of the findings and the following points may be noted concerning each indicator: 
Swa-status - this is generally an excellent initial indicator to village prosperity 
and readiness to use electricity; 
Petromax usage - available evidence is contradictory. For example, on Bali 
the level of petromax usage served well as an indicator of material wealth but 
its low usage in Pakong undermined the indicators reliability; 
Agricultural land ownership - this was found to be a useful indicator of village 
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prosperity, although Singapadu and Peliatan were examples of villages where 
this factor had been reduced in significance, in view of the proportion of the 
labour force engaged in other (non-agricultural) productive or service 
occupations; 
(iv) Material indicators - the high levels of village prosperity of the sample villages 
showed up with the high percentage of permanent housing and extensive use 
of television and ownership of motor vehicles. 
In each of the villages the village chief, several villagers and local PLN officials 
were questioned about the household use of electricity and appliances. With the 
higher than average household electricity consumers reflecting: 
more and brighter lights; 
higher proportion of T.V. owning households, also electric radios/tape 
recorders and electric irons; 
greater use of refrigerators, used mainly for commercial purposes; 
more battery chargers; 
more electric water pumps; 
the use of sewing machines. 
It is important to stress that figures for average household electricity consumption 
and connection rates cannot be taken as typical for the average Indonesian rural 
village. Five of the villages are classified as swasembada and the other is a wealthy 
swakarya village and are therefore at the top of the socio-economic spectrum of 
Indonesia's rural villages. If they were not, it is unlikely that they would have been 
electrified. However, the villages of the survey may be taken as representative of 
the type of rural villages which have been electrified within PLN's r.e. programme. 
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6.5.3 Commercial, Productive and Public Loads 
It was invariably the commercial centre of each village which had been electrified 
and distribution coverage of commercial outlets, even where there was limited 
village coverage, reached about 75 percent. The central theme with regard to 
questioning local village and PLN officials about commercial/productive uses of 
electricity, was to evaluate the extent to which village electrification had contributed 
to the economic development of the village. This was classified in terms of: 
new industries/employment; 
greater productivity per hour of work; 
longer hours of work. 
With regard to the first term of new industrial activity the observations were 
limited. None of the villages visited had a single rice mill connected to the 
electricity supply which may be a reflection of unwillingness to change procedures 
or equipment. Certainly there was no evidence of electrification stimulating 
investment in new, electrified rice mills in the villages visited. However, it was 
partly the intention to build a dairy processing plant at Pujon Lor which led to the 
villages' electrification by PLN. 
On a smaller scale, there was some evidence that electrification had stimulated the 
development of new service and trading enterprises. For example, Salaman's 
photocopying service and the cafe's and shops which had opened in Pujon Lor in 
recent years were evidence of this and in every village there were battery charging 
facilities. Similarly the installation of wells and electric water pumps had been 
stimulated by electrification, particularly in Peliatan. 
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The second aspired manifestation of r.e. productive benefits, namely increased 
productivity, was not marked, especially with regard to commerce. However, one 
instance of a large increase in productivity was noted at Singapadu where the 
investment in a set of machine tools had greatly increased the output of a 
woodcarving enterprise. 
Where the survey identified the greatest gains from village electrification was in 
relation to the incremental hours of work as a result of better quality, more 
convenient and lower temperature means of lighting. This was evidenced among 
the trading enterprises in general and also the tobacco godowns of Pakong and the 
craftsmen of Bali. The villages of both Singapadu and Peliatan identified that the 
large increases of output from their craft workshops were due to the use of electric 
lighting as well as the introduction of machine tools. 
The survey was unable to reveal in any methodical or quantitative way the 
connection rates of religious centres, schools, hospitals, clinics, government offices 
and community centres. However, both distribution coverage and connection rates 
were found to be high. Considerable divergence was found in streetlighting, 
ranging from standard 125W bulbs atop poles in some villages to 20W fluorescent 
tubes on bamboo poles. The numbers of streetlamps per village were variable but 
seldom exceeded fifty. 
6.6 Summary 
The usual load forecasting model attempts to relate its forecasts to those of the 
overall growth of the economy. However, records on rates of growth of rural 
electricity consumption are limited at this early stage of r.e. development in 
Indonesia. Such models must define whether they repfesent best estimates of load 
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which will occur with a given set of assumptions concerning the future, or whether 
they represent targets of loads to be aimed for. To some extent, the existing 
NRECA Load Forecasting Model, in Table 6.3 is an example of this latter type of 
model. Load forecasting in Indonesia is not a worthwhile exercise until PLN 
standardizes its approach to r.e. development. In particular, whether PLN adopts a 
blanket coverage approach to distribution coverage and whether credit facilities will 
be offered to potential consumers. Until these standards are decided upon, the 
influence of the essential determining factors, of village swa-status and petromax 
lamp ownership, on load development cannot be ascertained. 
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- 175 - 
High connection charges due to lack of power supply so PLN is actively 
discouraging some industrial connections. 
Tourkin, S.C. et al., 1981, P.  36. 
World Bank, 1975, p. 25. 
PLN use this assumption of household growth when estimating future 
electricity demand. 
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CHAPTER SEVEN 
Conclusions and Recommendations 
This survey of r.e. programmes in South-East Asia with particular reference to the 
Philippines and Indonesia, has been carried out through consideration of the 
institutional, financial and technical aspects of r.e. programmes and assessment of 
the socio-economic benefits of r.e.. The objective of this research was to provide 
information for planners of r.e. programmes in LDCs and to identify key areas for 
consideration. 
The Philippines and Indonesia were selected for special consideration in view of the 
stage of their respective programmes and varying approaches to the establishment, 
management and operation of r.e. programmes. Both countries embarked on 
national programmes of systematic electrification of rural areas during the 1970's 
but with different degrees of commitment. The success of these programmes by 
the early 1980's must be measured on two levels. Firstly, the programmes can be 
measured against whether the countries achieved, or are some way toward 
achieving, the objectives for r.e. they set themselves in terms of extent of 
electrification at the outset of their programmes, and secondly the programmes can 
be measured against whether the socio-economic benefits commonly attributed to 
r.e. do in fact arise. 
Dealing firstly with the achievement of r.e. objectives. The Philippine objective, set 
at the commencement of their systematic programme for r.e. in 1972 was to 
achieve electrification of all rural households and by 1984 this was scheduled for 
completion by 1990 representing an additional five million new electricity 
consumers during an eighteen year period. The objective of the Indonesian 
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authorities set at the commencement of their systematic programme for r.e. in 1979 
was not specific but that electricity should aim at the improvement of the welfare of 
rural and urban areas and also stimulate economic activities. The proportion of 
Indonesians with access to an electricity supply was still less than 15 percent by 
1985. 
Consideration of the various aspects of the r.e. programmes in the Philippines and 
Indonesia provide further insights into the critical factors in such programmes and 
assist in identifying areas for special consideration by planners. 
The Philippine r.e. programme has progressed significantly in the period from 1972 
and a number of factors have contributed to this. Firstly, the degree of 
commitment at national level to the r.e. programme in the Philippines. The 
Philippine Presidential Device No. 269 (1972), on the occasion of the creation of 
the National Electrification Administration, was a specific expression of the 
commitment and political support of the Philippine Government to their r.e. 
programme. The establishment of a national apex body charged with the purpose 
of funding and managing a national r.e. programme provided an opportunity to 
define clear operational development goals for r.e.. 
The estblishment of the national apex body, the NEA, marked the commencement 
of the organized and structured approach to r.e. adopted in the Philippines. 
Institutions were specifically established to implement the r.e. programmes and 
existing institutions were brought within the domain of the NEA's authority. A 
particular feature of the institutional structure of r.e. authorities in the Philippines 
was the decentralization affected by the use of local co-operatives co-ordinated at a 
national level. 
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With the total electrification approach to r.e. adopted in the Philippines minimal 
consideration was given to load forecasting and research was restricted to a study of 
the effectiveness of co-operatives. 
At the commencement of the r.e. programme electrification was affected by means 
of grid systems and diesel generators. As the programme develops the intention is 
to replace diesel generators by extending the grid network and at the same time 
alternative renewable energy sources are being developed. The American standards 
for distribution system design were adopted without modification by the Philippines, 
modifications in relation to lowering the standard of reliability and supply could 
reduce overall costs. 
The initial capital investment required for the Philippine r.e. programme was 
funded by equity investment by the Government, extensive borrowing from 
international aid organizations and overseas banks and grants from Western 
governments and aid organisations. Repayment of capital and interest on the loans 
and revenue costs of the r.e. programme were to be met from charges to consumers 
for connection to the electricity supply and consumption. A differential tariff 
system was introduced with low income rural households frequently being charged 
on a less than cost basis. Many of the rural co-operatives run at a loss however, 
and have been unable to meet their financial commitments to the national 
electrification authorities. In turn, as evidenced by a statement in the accounts of 
the NPC for 1986, repayment of capital and interest on overseas loans was not met 
but neither were these loans rescheduled. 
The approach to r.e. in Indonesia was markedly different to that in the Philippines 
as in Indonesia a national apex body was not established at the outset of its r.e. 
programme. In contrast r.e. was left as the responsibility of the national electric 
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utility until the Indonesian government promoted the development of other agencies 
such as electric co-operatives and provincial authorities to undertake r.e. projects. 
However, the utility PLN remains the dominant force in r.e. and discourages other 
r.e. agencies. Systematic r.e. in Indonesia began with the development of ten pilot 
projects funded by the government and aid organizations. Java is the only island 
which has an integrated network and r.e. on this island is based on connections 
from the grid system. On the other islands r.e. is accomplished using diesel 
generators and where appropriate small scale hydropower plants. 
By the year 2000 Indonesia will have an estimated population of over 200 million. 
160 million will reside in rural areas which represents a total potential of 
approximately 32 million consumers. It would clearly be a massive undertaking to 
aim for total electrification as in the Philippine r.e. programme. Estimated costs for 
PLN's programme for electrifying 1.6 million households was $960 million in 1984 
so it can be expected that a minimum of $20,000 million would be required if total 
electrification was the goal. 
The success of the Philippine programme in relation to its r.e. objective of total 
electrificaton is impressive. The second measure of success of r.e. programmes is in 
the context of whether the socio-economic benefits commonly attributed to r.e. do 
in fact accrue. 
The socio-economic benefits are believed to result from increased agricultural 
productivity and the development of small scale industries in rural areas. These in 
turn provide employment and improve the incomes of the rural poor thereby 
reducing urban and rural inequities. The social benefits are often limited to the 
provision of household lighting as an alternative to kerosene lamps. However, even 
with heavy subsidies, many of the rural poor cannot afford electric lights, and 
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household use of electricity is biased toward the relatively wealthy. 
Without employment generation through the development of productive uses of 
electricity there is no evidence to suggest that r.e. has much effect on rural to urban 
migration. R.e. must be seen as an element of rural development and requires 
other additional inputs to have a positive impact on the standard of living of rural 
people. 
There are a number of points of particular significance which arise from this survey 
and from which lessons can be learned in terms of establishing managing and 
operating a systematic programme of r.e. with the objectives of 
Maximising electrification of rural areas, and 
Maximising the contribution of r.e. to rural development as a whole. 
Those points worthy of particular consideration by r.e. planners in LDCs in 
implementing r.e. programmes are as follows; 
National Objectives 
Goals and objectives must be clear and explicit at the outset of a programme and 
must be monitored and evaluated during the course of the programme. These goals 
must be realistic and not be lengthy lists of credible benefits but rather detailed 
policy objectives. 
It must be appreciated at the oUtset that r.e. can only contribute to rural 
development and that to maximise its contribution it must be an integral part of a 
general rural development programme. 
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Institutions 
Projects with an emphasis on integrated rural development will require that a 
separate r.e. agency be established to increase the organisational motivation and 
commitment to r.e. Such a national level agency is necessary in Indonesia in order 
to plan and co-ordinate the entire r.e. programme. As with the NEA in the 
Philippines, this agency should be under the control of the Central Government and 
also be the agency responsible for all policy decisions and through which funds for 
r.e. should be channelled. 
An apex body with the sole function of r.e. is necessary for a committed approach 
to r.e. programmes such as the NEA in the Philippines. Although existing electric 
power utilities have the technical background to carry out r.e. and the opportunity 
to cross-subsidize from more profitable areas due to the lack of commerciality of 
r.e. many are reluctant to proceed. 
In Indonesia, while PLN's achievements in the development of generation capacity 
and transmission systems has been impressive, its progress of r.e. has been hesitant. 
This is reflected in the status of the r.e. department as a sub-directorate of the 
Operations Division. Although, PLN has the advantage of the economies of scale 
and is ideally suited for undertaking extensive r.e. programmes by cross-subsidizing 
them from more profitable areas, generation and transmission projects are 
considered as higher priorities. It is unlikely that PLN will adopt a more favourable 
approach to r.e. unless the Government of Indonesia is prepared to underwrite any 
losses associated with it. 
It is a question of priorities and if the electric power sector in a country has not 
developed sufficiently to supply the urban areas then there must be an external 
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incentive to enter into the area of r.e.. 
R.E. Agenices 
The agencies should establish strong decentralized regional or local operations given 
the inherent decentralized nature of the task. The Philippine example of the use of 
co-operatives in the rural areas is an example of the effective use of local bodies 
with a degree of autonomy yet working under the broad direction of a national 
authority. 
In the initial stages of an r.e. programme the national r.e. agencies must technically 
support, train staff and arrange finance for the local agencies until a sufficient level 
of skills is established in the rural areas. 
The national agencies should also co-ordinate the many local r.e. agencies which 
may be required to cover the country and co-ordinate with government departments 
at the national level. It is particularly important that there is co-ordination with the 
electric power sector to integrate the impact of r.e. on generation and transmission 
planning. Such an agency should also examine the technical and economic 
feasibility along with the social and environmental implications of project proposals 
and regularly monitor and evaluate on-going projects. 
Uses of r.e. 
From this survey r.e. is seen to have been used mainly for household lighting in the 
countries visited. Industrial or commercial r.e. consumption has not been found to 
have grown in Indonesia, the Philippines or in most other LDCs where impact 
studies have been done. 
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It is necessary to direct r.e. programmes toward productive activities such as 
irrigation pumping and rural industries which generate wealth as well as 
employment. In India, electric pumpsets have been instrumental in increasing 
irrigation and increasing agricultural production. However, an emphasis on 
productive uses does not rule out other uses of electricity such as domestic lighting. 
The general efficiency of a power system is improved if there is a twenty four hour 
a day load in all seasons, and as agricultural load is seasonal, an element of domestic 
and industrial load would greatly increase the load factor. However, a total 
dependence on domestic load creates serious problems, as a very large number of 
connections are required to amount to a viable load. The fact is that in nearly 
every populated area a potential night-time load already exists but the day-time load 
may be absent. Therefore, in developing an optimum, balanced system the critical 
factor for selecting an area for r.e. is the existence of productive uses for day-time 
load. 
However, the Philippine r.e. programme is highly oriented toward household 
connections rather than identifying productive uses. This is highlighted by the drive 
total electrification of all households by 1990 and by the way the NEA judges the 
success of the programme simply by the numbers of villages and households which 
have been electrified. The development of productive uses of electricity has not 
been an important concern of the Philippines RE Programme and RE consequently 
has had little effect on economic development of the rural areas, a point discussed 
in further detail below. If productive uses of electricity becomes the preferred 
policy for the Indonesian r.e. programme, it is essential that detailed surveys are 
undertaken to identify areas of economic activity where electricity can be 
productively utilized. As very few small towns and villages in Indonesia are 
electrified it is difficult to assess the impact of r.e. on industry. However, the 
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prevalent pattern of industrial use of energy in electrified areas is that small 
industries still use diesel engines or generate their own electric power, but most still 
depend on non-commercial sources or manual power. In the Philippines where 
there is widespread r.e. the NEA suggested that the critical factors in determining 
the extent to which electricity is exploited for industry is access to start-up capital 
and the reliability of the electricity supply. An inability to generate uninterrupted 
power is definitely an impediment to the development of small or large scale 
industry. 
Energy Sources 
The largest rural energy requirements as shown in Chapter One are for agricultural 
and domestic cooking and uses. These are supplied primarily by animate energy, 
woodfuel and agricultural waste. 
Rural electrification must be considered as only one element of the rural energy 
sector and the energy needs of the rural people may be met from many sources. 
Firewood and agricultural waste is used for cooking and heating, kerosene and 
electricity for lighting and diesel or electricity for irrigation or village industries. 
The choice of energy source depends on its availability, price and comparative 
convenience. However, electricity will not substitute for, or make much impact on, 
the majority of rural energy needs. This suggests that for basic needs such as 
cooking and lighting, woodlots, bio-gas and subsidized kerosene (in Indonesia) will 
remain as major energy sources for a number of years after the commencement of 
an r.e. programme. 
Equipment and Technical Standards 
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LDCs pursue a wide range of approaches to the development of local manufacturing 
of equipment for the r.e. programmes. Whereas some countries such as Indonesia 
and the Philippines import virtually all r.e. equipment others such as India 
manufacture all items locally and even export r.e. equipment. The main trade-off is 
between maximizing the expansion rate of an r.e. programme by using imports 
against expanding r.e. more slowly while developing local manufacturing capability. 
Fostering local manufacturing by linking it to the r.e. programme can transfer 
technology and skills which are later available to the r.e. programme itself. In 
addition, the cost of imported equipment is high and the LDC is tied down to 
foreign standards and specifications which may not necessarily be relevant for local 
conditions. In Indonesia, several large projects are under construction with the 
collaboration of many countries. For example, the r.e. projects in Central Java and 
the Outer Islands were assisted by USA and Canada. These countries were 
supplying materials of their own specifications on terms of credit. The difficulties 
inherent in having several countries involved in these projects was highlighted in the 
r.e. Co-operatives when there was a delay of over four years for the generation 
equipment to arrive from Canada, due to tendering problems. In general, the 
donor countries supply materials of their own specifications on terms of credit 
which when replacement is necessary will have to be imported again at high cost. 
In operational terms the proliferation of standards presents problems of 
interconnection at a later date. Therefore, a rapid development of indigenous R 
and D efforts is required to formulate standards and specifications relevant for 
LDCs and to bring the cost of r.e. down. 
Finance 
R.e. is a highly capital intensive and consequently expensive rural development 
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programme. In the early stages of RE the cost of covering generation, transmission 
and distribution is very high. In addition, electrical loads in poorer areas develop 
slowly as the income of the average rural family is extremely low. In many areas, 
tariffs may have to be set at a level which the rural consumers are capable of paying 
and may be lower than the cost of electricity production. 
This situation may continue for many years until the purchasing power of the rural 
people improves or the unit cost of electricity is reduced. Under these 
circumstances, a large quantum of loan assistance on soft terms with low interest 
rate and also grants-in-aid are required to finance the programme. There are many 
alternative methods for raising capital and LDCs can raise the capital from 
indigenous sources or depend heavily on foreign assistance. Ideally, a mixture of 
both is the most advantageous method for an LDC especially if foreign assistance is 
untied to the donor country's export strategy. The Philippines and Indonesia have 
applied both internal and external resources to their r.e. programmes, however, 
most foreign sources have been tied. 
In the Philippines tariff structures usually recover less than the cost of the service 
with the result that fifty-eight of the co-operatives out of a total of one hundred and 
twenty six/making net losses. This resulted in large subsidy flows from the 
government to the NEA. The situation in Indonesia is different as the major 
publicly named utility (PLN) does not receive direct subsidies from the Government 
of Indonesia and any losses incurred have to be covered entirely from internal 
sources. As a result PLN sets the pace for electricity tariffs in the country. PLN's 
complex tariff structure allows some subsidies at below cost rates but most rates are 
much above cost prices and in 1985 PLN made a profit of Rp8 per kWh. An 
analysis of PLN's tariff rates reveals that while small consumer rates which include 
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irrigation are subsidized, small industries pay a very high rate. In contrast, large 
industries and hotels pay highly subsidized rates and the highest rates are for large 
residential and commercial establishments. Also, PLN does not make a distinction 
between rural and urban rates and because of a very low level of village 
electrification, PLN's tariffs show Cin urban bias. 
Most of the rural consumers who consume 20 kWh or less each month should fall in 
the small user category and should benefit from a subsidized rate. Instead, rural 
residents are classified as Ri category as with urban residents and charged a higher 
unsubsidized rate. The effect of this will keep the rural consumption low whereas 
an r.e. programme requires promotional tariffs for small industries, irrigation and 
most other productive activities in the rural areas. Subsequently, other rates will 
have to be readjusted to make these allowances. 
Load Forecasting 
There was little evidence in either Indonesia or the Philippines of any attempts to 
carry out load forecasts for their r.e. programmes. The r.e. agencies should 
evaluate the minimum number of connections required and the minimum load 
growth that is required to make grid extension or autogeneration financially viable. 
The pertinent factors of load growth were studied in Indonesia but the village 
sample was too small to be able to develop forecasting models. The connection 
rates were shown to depend very highly on the availability of credit for connection 
and house-wiring. 
For the establishment, management and operation of a nationwide r.e. programme 
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where the priority is given to social and economic objectives the following 
recommendations are given: 
Establish a national authority with a unique mandate to co-ordinate the 
activities of all agencies involved in r.e.; 
Co-ordinate r.e. wiith other rural development programmes such as the 
development of irrigation, rural roads or small industries; 
Encourage a load mix of domestic and commercial consumers but direct r.e. 
programme to productive uses and employment generation; 
Extend existing grid networks into rural areas but continue r.e. with scattered 
diesel generators or renewable energy sources in remote areas; 
Organize research and development and training programmes for developing 
technical standards, specifications and appropriate technology suitable for rural 
areas; 
Develop a tariff structure for promoting r.e. through economic incentives and 
disincentives and cross-subsidization; 
Provide credit schemes for housewiring and connection charges to encourage 
new consumers at the early stages of the programme to develop load. 
The one widespread direct benefit of r.e. was found to be the use of electricity for 
domestic lighting. To attain the many indirect benefits often attributed to r.e., 
including the economic growth of rural areas and the reduction of rural and urban 
inequities, then it must be viewed as one element of a more comprehensive 
development programme. Most r.e. programmes are politically motivated where 
financial and technical considerations are not the most important criteria. 
However, the challenge for any r.e. planner working in certain political constraints 
is to ensure that the full potential of r.e. is realized, increasing the benefits while 
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reducing the costs. The key to this suggested approach is a careful selection of 
areas according to realistic expectations and requirements of r.e. Before 
establishing the method of electrification, however, it is essential that any r.e. 
programme has its objectives clearly defined. 
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Appendix 1: Soclo-Economic Benefits of Rural Electrification Commonly Cited by Pro-
ponents of R.E. Programmes 
Improved Agricultural Productivity from:- 
Irrigation systems utilizing electric system equipment, tube wells, etc., allowing 
for multiple cropping. 
Automated poultry processing/breeding systems. 
Refrigeration of perishable farm agricultural products and utilization of milk 
coolers. 
Electrically powered grain drying, processing, storage systems and fumigation. 
Fish farms in areas where pumps/required. 	- 
Agriculture employment opportunities generated. 
Improved Economic Productivity (Non-Agricultural) from: 
Electrically powered handicraft industries allowing for varied and increased 
production (Cottage or home produced items can be made during off-peak 
seasons of agricultural cycles). 
Employment opportunities, especially for women, in commercial non-
agricultural industries. 
Market/stores utilizing refrigeration. Decrease in spoilage of perishables, espe-
cially in tropical areas. 
Development of small industries to meet created demand for simple electric 
appliances. 
Development of industries supplying poles, cross arms, insulators, hardware, 
meters and transformers for electric distribution systems. 
Employment opportunities created by contractors, electrification administra-
tion, auditing and accounting firms. 
Limited school facilities utilized for night classes. 
Community facilities such as libraries opened in evenings. 
Lighted outdoor athletic facilities such as basketball courts allows for commun-
ity recreation. (Too hot in tropical countries to participate during daytime). 
Teachers more productive and better prepared due to home lighting. 
Students academically improve. 
Social Benefits Related to Health from:- 
Refrigeration of medical supplies by clinics and hospitals. 
Reliable source of power for hospitals and operating rooms. 
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Home electrical appliances allow for sanitary preparation of food and water. 
Electric pumps provide potable water. 
Home refrigeration prevents spoilage of perishable foods and reduces health 
hazards. 
Correlation of home lighting and/decrease in population growth rate. 
Other Benefits to Rural Population from:- 
Increased security due to night lighting. Crime rate decreases. 
Lighted homes provide social benefits. 
Utilization of radio and televison for education, entertainment and leisure. 
Appliances such as irons, hot-plates, simple washing machines reduce work 
burden for women. 	 - 
New home construction and improvement results from electrification. 
Co-operatives provide outlet for community and national participation by rural 
population. Provides experience in management and democratic decision-
making. 
Change in social well-being and satisfaction with one's current situation 
improves. 
Accelerates the monetization of the rural society. 
Benefits to Host Country Governments due to:- 
Stems rural migration to cities and improves rural-urban balance. 
Increased rural economic activity absorbs expanding rural labour force. 
Decentralizes economic activity. 
Increased net tax revenues to government. 
Levelling of ethnic differences. 
Improved citizens-government relationship. 
Reduced socio-economic imbalance of the population. 
Expanded communications system to entire population. Government able to 
communicate with its citizens. 
Reduced foreign exchange expenditures for kerosene and oil used for lighting, 
cooking and heating. (A central generator is a much more efficient method 
for supplying energy, rather than each household purchasing fuel). 
Sources: U.S.A.I.D., N.E.A., N.R.E.C.A., Khan W., Brodman, J. and Strout A. 
(see bibliography). 	 - 
Commercial Tariffs 
COUNTRY INDONESIA I 	MALAYSIA PHILIPPINES THAILAND 
UTILITY PLN NEB ISECO (I) PEA 
YEAR 1984 1983 1983 1983 
CURRENCY Rp M($) P Bahtc13 
VA : RpIkVA V : 5/kWh 
DEMAND/FIXED CHARGES 250-2,200 	3,680 1-650 	12 P20.1 	(FIXED) 6-30 kW; 	FIxed rate 2201- 200 kVA : 	3,680 Over 650 : 	12 R89.7 
Over 200 KVA 	: 2 ) 300 
Over 30 kW; 
kV : B/kW 
I-Il 	kV 	: 	98 
11-69 kV 	: 	95 
VA : Rp/kWh 1-650 V kWh : P/kWh 6-30 kW 
ENERGY CHARGES 250-2,200 	: 	136 kWh : 5/kWh 1-25 	: 	0 	(2) kW 	8/kWh 
2,200-200 kVA : 	150 Over 25 : 	1.005 BLOCK RATES Over 200 kVA 	: P158 1-200,000 	: 	0.25 1-40 	: 	0 	(2) 
OP=99 Over 200,000 	: 0.27 I0-30() : 	1.81 
300-1,000 	: 	1.92 
Over 650 V 1.001-3,000 	: 	2.04 
Over 3.000 	: 	2.21 
kWh : 5/kWh 
PPeak Hours (1800- 1-800,000 	0.19 
Over 30 kW 
2200) Over 800,000 : 	0.21 1.52 B/kwh OP-Off Peak (2200- 
-- 2800)  
Sources: As Table 2.4 
Notes to table 
As note (1), Table 2.4 






















DEMAND/FIXED CHARGES kVA : Rp/kVA p20/kWh 30-499 kW 
3.8-99 	2,300 N/A kV 	B/kwh 
100-200 : 	2,300 
201-5,000 	2,100 1-11 	98 
Over 5,000 1,970 11-68 95 
69-115 	93 
ENERGY CHARGES 
(BLOCK RATES) 1-650 V 
SMALL INDUSTRY 3.8-99 kVA kWh 	s/kWh P0.937/kWh 30-499 kW 
P106 Np/kWh 1-200,000 	: 	0.23 kWh 	B/kWh 
0=66 RP/kWh Over 200,000 	0.25 
1-400 	: 	1.45 
LARGE INDUSTRY Over 5000 kVA Over 650 V Over 400 1.43 
P=81 Np/kWh kWh : $IkWh P0.937/kWh Over 500 kW 
0=52 Rp/kWh 
- 1-200,000 	0.17 KWh 	B/kwh 
Over 200,000 	0.16 
1-480 	1.44 
P - Peak Over 480 	1.41 












ISECO 	 PEA 
YEAR 
	
1983 	 1983 
CURRENCY 
	
Peso P BahtB 








B. ENERGY CHARGES 
	
0.8761?/kWh 	1.17B/kwh 
Restricted Pumping hours 	Restricted hours 
18.00-21.00 
Sources: See Table 2.4 
APPENDIX 3 
JUNE 1987 GENERATION EXPANSION PROGRAI4 
LUZON VISAYAS MINDANAO 
EAR-- 
PLANT ADDITIONS CAP (MW) PLANT ADDITIONS CAP (MW) PLANT ADDITIONS CAP (MW) 
1987 REHAB MALAYA 1 300.0 - - - - 
1988 ROCKWELL 180.0 BOHL DSL 11-2 3.4 AGUS I 80.0 
LEYTE SANAR DLPCO DSL 46.0 
INTERCONNECTION - 
1/ 
1909 GAS TURBINE A 150.0 JANOPOL HYDRO 5.0 - - 
REHAB SUCAT 1 150.0 NEGROS-PANAY 
INTERCONNECTION - 
990 GAS TURBINE B 200.0 - - - - 
REHAB SUCAT 4 300.0 
1991 BAC-MAN GEO I 110.0 - - - - 
1992 CALACA COAL II 300.0 CEBU-NEGROS-PANAY GAS TURBINE 50.0 
RETIRE ROCKWELL -180.0 INTERCONNECTION - 
1993 PANTAY HYDRO 23.0 PALIMPINON GEO 4 37.5 GAS TURBINE 50.0 
BAC-MAN GEO II 110.0 
PINATUBO GEO 110.0 
1994 LABO GEO 110.0 PALIMPINON GEO 5 37.5 DIESEL 19.3 
IROSIN GEO 110.0 BOHOL DSL 5.5 
1995 ISABELA COAL 300.0 - - AGUS III 225.0 
1996 SAN ROQUE HYDRO 390.0 - 	 - - - - 
997 CASECNAN HYDRO 268.0 POWER BARGE 114 32.0 DIESEL 19.3 
BOHOL DSL 5.5 P.B. 	114 OUT -32.0 
998 BINONGAN HYDRO 175.0 PALIMPINON GEO 6 37.5 GEOTHERMAL 55.0 
GEOTHERMAL 110.0 
999 COAL A 300.0 JALAUR HYDRO 24.0 GEOTHERMAL 55.0 
BOHOL DSL 5.5 
000 COAL B 300.0 - - COAL 20010 
1/ NRA project 
Source: NPC, 1987 - 2000 Physical Power Programme 
CASECNAIN HYDRO 
•2z6OMW 




2 x II. MW - 1993 
LABO GEO 
2 x 05 MW  
GEO 
I - 2i6 MW - 1991 
1t-2xMW -  1993 
GAS TURBINE I 
I x 50 MW- 1992 
Ix 00 MW-1993 
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GLUGRP1IICIL WCATIO CF 
PROFC) GENERTIW PROJECTS 
COAL 
NONG.N HYDRO 
I 2A(OMWI9 9 
3 z 58.3 MW - 1998 
LSLL(I COAL 
300 MW - 1992 




JALAU R HYEDRO 
FZ 
rpAuMpiNON GEO 
UNIT .4 - 37. 5 MW - 1993 
Th 
SAN RCCUE HYDRO 





I x 19.3 hiW-1994 
I 19.3 MW-1997 
AGUSIII .. 	( 
	
[_3x76Mw - I9o_Ij 	 [ii. APO GEO 
I x 55 MW - 19981 
I I x 65 MW - (999 I 
COAL 	-I r 2 x 100 MW -2000 
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1987 1990 1995 2000 
PHILIPPINES 5788 6266 7864 9807 
OIL-BASED 2365 2765 2890 2920 
HYDRO 2124 2202 2450 3306 
GEO 894 894 1519 1776 
COAL 405 405 1005 1805 
CAPACITY MIX % 100 100 100 100 
OIL-BASED 40.9 44.1 36.7 29.8 
HYDRO 36.7 35.1 31.2 33.7 
GEO 15.4 14.3 19.3 18.1 
COAL 7.0 6.5 12.8 18.4 
LUZON 4111 4461 5634 7177 
OIL-BASED 1925 2275 2275 	- 2275 
HYDRO 1226 1226 1249 2082 
GEO 660 660 1210 1320 
COAL 300 300 900 1500 
VISAYAS 600 604 684 787 
OIL-BASED 259 263 268 
HYDRO 2 2 2 
GEO 234 234 309 
COAL 105 105 105 
CEBU GRID 239 239 Interconnected to 
the Negros Grid 
OIL-BASED 134 134 
COAL 105 105 
NEGROS GRID 131 199 481 573 
OIL-BASED 11 79 181 213 
HYDRO 1 1 1 24 
GEO 119 119 194 231 
COAL 0 0 
PANAY GRID 68 Interconnected to the 
Negros Grid 
OIL-BASED 68 
LEYTE-SAMAR GRID 147 147 179 179 
OIL-BASED 32 32 64 64 
GEO 115 115 115 115 
BOHOL GRID 15 19 24 35 
OIL-BASED 14 18 23 34 
HYDRO 1 1 1 1 
MINDANAO 1077 1201 1546 1843 
OIL-BASED 181 227 347 334 
HYDRO 896 974 1199 1199 
GEO 0 0 0 110 
COAL 0 0 0 200 
GEO - GEOTHERMAL 
Source: As Appendix 3 
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1987 1990 1995 2000 
PHILIPPINES (TOTAL) 12382 14356 15978 17066 
500 kV 490 650 1144 1144 
230 KV 3486 3851 4414 4977 
130 KV 2483 3169 3597 4007 
115 KV 532 532 667 667 
69 KV 4659 5422 5424 5459 
< 69 KV 732 732 732 732 
LUZON 7742 8284 9476 10074 
500 KV 490 650 1144 1144 
230 KV 3486 3851 4414 4977 
115 KY 532 532 667 667 
69 KV 2706 2723 2723 2758 
< 69 KY 528 528 528 528 
VISAYAS 1315 2073 2263 2281 
139 KY 514 936 1126 1117 
69 KV 697 1033 1033 1033 
< 69 KY 104 104 104 104 
MINDANAO 3325 3999 4329 1708 
139 KY 1969 2233 2467 2840 
• 	69 KV 1256 1666 1668 1668 
< 69 KV 100 100 100 100 
APPENDIX 6: 
The Structure of Electric Retail Rates for NEA-Assisted Electric Cooperatives 
STANDARD RATE STRUCTURE 
- 	Involves a single rate per kWh to be charged for all consumption regardless of 
kWh volume. 
- 	Rate must cover all costs. 
- Minimum bill: standard rate per kWh multiplied by the minimum number of 
kWh allowed. 
- 	A single rate for all consumer classes or to each consumer class. 
- This rate structure to be adopted unless authorized otherwise. 
ALTERNATE RATE STRUCTURE 
- 	Objective: to keep the cost of electric service within the reach of the lowest 
income group. 
- 	Residential consumers will pay a minimum charge which will entitle them to 
the 10 kWh monthly allowance. 
- 	Minimum charge computed to cover only fixed costs plus a portion of semi- 
fixed costs and variable costs. 
- 	The balance of variable costs will be spread over residential consumption in 
excess of the 10 kWh minimum allowance and among other consumer classes. 
OTHER PROVISIONS 
- 	No difference in retail rates charged to the same class of consumers based on 
geography. 
- 	No co-operative shall provide service under flat rate charges. 
- Coops to operate as non-profit enterprises. Net  margins, if any must be 
credited to members. 
- 	Patronage dividends subject to NEA approval. 
- No ammendment to co-op rate schedule and service rules without NEA 
approval. 
APPENDIX 6 (Contd.) 
ILLUSTRATION OF TARIFF RATES 
STANDARD 
ALTERNATE 
 Basic Power Cost Pesos .532 Pesos .532 
 System Loss (25%) .177 .177 
Power Cost .709 .709 
 Cash Operating Expenses 286,000 .152 .130 
Total Operating Expenses .861 .839 
 Amortization Cost (P150,000) .080 .080 
Total Cost 	I P.941 P.899 
1st 10 kWh 	 9.50 	 9.00 
Excess 	 .95 	 .95 
* based on 1,884,000 monthly 1c3111 sales 
Source: NEA, Finance Division, 1984 
APPENDIX 6 (Contd.) 
-3- 
ELECTRIC RATES FOR LARGE INDUSTRIAL CONSUMERS 
- 	Applicable to industrial consumers with contract demand of at least 1,000 
kW. 
- 	Rate must cover all expenses related to it including operating and 
maintenance, depreciation, interest and a return of 8% per annum on 
investment. 
- 	At a minimum, the rate should be 105% of production or purchase cost of 
power. 
Illustration: COST COMPONENTS OF LARGE INDUSTRIAL RATE 
Cost of Power Purchased/Generated 	 Pesos 0.526 
Allowance for Line Losses (8%) 	 0.046 
Cost of Power/kWh 	 P0.572 
Incremental Investment Costs 	 0 . 055 1 ' 
Total Cost of Delivered Power 	 P0.627 
0.055 
1/ 	The incremental investigation costs provide for depreciation, interest, inflation 
and operations and maintenance on the transmission extension (69 kV), 
metering equipment and tranformers. 
Source: NEA, Finance Division, 1984. 	 - 
APPENDIX 7 
Region I 
Abra - AERECO 
Benguet - BE}ECO 
Ilocos Norte - INEC 
Ilocos Stir - ISECO 
La Union - LUCO 
Mt. Province - MOPRECO 
U. Pangasinan - PANELCO I 
SIC. Pangasinan - CENPELCO 
Pangasinan III - PANELCO III 
Region 11 
122) Xatanes - EATANELCO 
Cagayan I - CA6ELCO I 
Cagayan II - CA1LC0 II 
Itugao - IFEI..CO 
Isabela I - ISELCO I 
Isabela II - ISELCO II 
Kalinga Apayao - KAELCO 
Nueva Viscaya - NUVELCO 
Ouirino - Q)JIRELCO 
Region III 
Bataan - BATELCO 
1st Bulacan - BECO I 
28) Bulacan 11 - BECO If 
21) Nueva Ecija I - tEECO I 
221 Nueva Ecija II - NEECO II 
23) Nueva Ecija 111 - NEECO III 
24) Pampanga I - PELCO 1 
25) Paapanga 11 - PB..CO II 
26) Pampanga III - PELCO III 
27) Tarlac I - TARELCO I 
113) Taralac II - TARELCO II 
28) Zaabales - ZPIJECO 
Renion IV 
29) Aurora - AURELCO 
30) Batangas I - BATELEC I 
311 Batangas II - P.ATElEC II 
123) Batangas III - BATEI..EC III 
114) Busuanga Is. - BISELCO 
32) 1st Cavity - FcECI 	j 
331 1st Laguna - F1..ECO 
Lubang - LUTELCO 
Marinduque - MARELCO 
Mindoro 0cc - OIIECO 
Mindoro Or. I - ORIIECO I 
33) Mindoro Or. II - ORIIECO II 
37) Palawan - PALECO 
Quezon I - QUEZELCO I 
Otzezon 11 - Q'JE1ELCO 11  
- 	INDEX OF COOPERATIVES 
Region IV Cont. 
115) Tablas Is. - TIELCO 
Region V 
44) Albay I - ALECO I 
Albay II - ALECO II 
Albay 111 - ALECO III 
45) Caisarines Porte - CANORECO 
46) Camarines Sur I - CASIJRECO I 
47) Camarines Stir 11 - CASURECO II 
48) Caziarines Stir III - CAS1JRECO III 
49) Casarines Sur IV - CASURECO IV 
58) 1st Catanduanes - FICELCO 
Masbate - MASELCO 
Sorsogon I - SORECO I 
Sorsogon II - Soreco II 
Region VI 
Allan - AKB..CO 
Antique - ANTECO 
Capiz - CAPELCO 
116) Guimaras - GUIPaCO 
Iloilo I - ILECO I 
Iloilo II - ILECO II 
C. Negros - CRIECO 
Negros 0cc. - NOCECO 
117) Siquijor - PROSIELCO 
61) V.M.C. R.E. Serv. Coop. - VRESCO 
Region VII 
118) Eantayan Is. - BAIELCO 
62) Bohol I - ECHECO I 
63) Bohol 11 - BOHECO 11 
126) Cainotes Is. - CELCO 
64) Cebu I - CEXECO I 
65) Cebu 11 - CEXECO II 
66) -Cebu 111 - CEXECO III 
67) Mactan - MACTECO 
68) Negros Or. I - NOPECO I 
69) Negros Or. II - N0PECO 11 
117) Siquijor - 
Region VIII 
119) Biliran Is. - E.)LECO 
70) Don 0. Rooualdez - BORELCO 
71) Leyte II - LEYECO II 
72) Leyte III - LEYECO III 
73) Leyte IV - LEYECO IV 
74) Leyte V - LEVECO V 
75) So. Leyte - SOLECO 
76) Samar I - SAMELCO I  
Region VIII Cont. 
Samar II - SAMELCO 11 
Ea. Samar - ESAIIELCO 
No. Samar - N0RSAJIELCO 
Region IX 
Alicia - ALELCO 
Basilan - EASELCO 
Cagayan de Sulu - CASELCO 
Sulu - SILECO 
Tawi-Tawi - TAWELCO 
Zamboanga City - ZAIICELCO 
Zamboanga Porte - ZAIECO 
Zamboanga Stir I - ZAJISUPECO I 
Zamboanga Stir II - ZAMSURECO II 
Region I 
Agusan Porte - ANECO 
98) Agusan Stir - ASELCO 
Eukidnon - FIEECO 
Bukidnon II - BUSECO 
128) Camiguin Is. - CAIIELCO 
Misasis 0cc. I - MOELCI I 
Plisainis 0cc. II - MOELCI If 
Misamis Or. I - 1IORESCO I 
Misasis Or. If - PIORESCO II 
121) Siargao - SIARELCO 
Surigao del Porte - StJRIECO 
Region II 
Davao Porte - DANECO 
Davao Oriental - DORECO 
180) Davao del Sur - DPISUFECO 
101) So. Cotabato I - SOCOTECO I 
102) So. Cotabato II - SOCOTECO II 
103) Surigao del Sur I - SUETECO I 
104) Surigao del Stir II - 9JRSECO II 
Region XII 
127) Iligan City - 1LECO 
105) Lanao del Porte - LANECO 
106) Lanao del Stir - LASUELCO 
107) Maguindanao - PIAGELCO 
108) No. Cotabato - COTELCO 
109) Sultan Kudarat - SU'rELCO 
Special Projects 
118) Panpanga R.E. Serv. Coop. - FRESCO 
Sapang Falay - EAPPESCO 
San Jose City Elec. Coop. 
91 
I 
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LOCATIONS OF RURAL ELECTRIC COOPERATIVES 
IN THE PHILIPPINES 
a 
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APPENDIX - LIST OF PLN REGIONS 
8 
PLN Region 1 Province of Aceh 
PLN Region II Province of North Sumatra 
PLN Region ifi Province of West Sumatra, 
Province of Riau and the District of 
Kerinci, the Province of Jambi 
PLN Region IV Province of South Sumatra, 
Province of Bengkulu, 
Province of Lampung, and 
Province of Jambi excluding 
the District of Kerinci. 
PLN Region V Province of West Kalimantan 
PLN Region VI Province of South Kalimantan, 
Province of East Kalmantan and 
Province of Central Kalimanta 
PLN Region VII Province of North Sulawesi 
and Province of Central Sulawesi 
PLN Region Vifi Province of South Sulawesi 
and Province of Southeast Sulawesi 
PLN Region IX Province of Maluku 
PLN Region X Province of Irian Jaya 
PLN Region XI Province of Bali, 
Province of West Nusa Tenggara, 
and Province of East Nusa Tenggara 
PLN Region XII Province of East Java 
PLN Region XIII Province of Central Java, 
PLN Generation of Province of Java and DKI Jakarta Raya 
West Java and (generation and transmission) 
Jakarta Raya 
PLN Distribution of Province of West Java excluding the 
West Java District of Tangerang (only distribution) 
PLN Distribution of DKI Jakarta Raya and the District of 
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Appendix 9: Assumptions Used for PLN's R.E. Programme (1984-1989) 
Consumer's average connection, : 500 VA 
Consumers consumption, : 50 kWh/month 
Distribution losses, : 15 percent 
Load factor, : 30 percent 
Generation capacity, : Twice Peak Load 
Installed transformer capacity, : 1.5 x Peak Load 
Distribution line lengths, : 3 kms/village 
7.1 Medium voltage line, : 3 kms/village 
7.2 Low voltage line, : 3 kms/village 
Unit Prices (US $ 1984) 
8.1 Diesel generation : 998/kW 
8.2 Microhydro generation : 1,600/kW 
8.3 Sub-station : 30/kVA 
8.4 Medium voltage line : 15,500/kilometre 
8.5 Low voltage line : 7,932/kilometre 
8.6 House connection : 110/connection 
Appendix 10: 	Information on Rural Electric Co-operatives 
in Indonesia (April, 1984) 
LANPUNG 	LOMBOK 	LUWU 
1 No. of consumers billed 3,046 1,710 843 
2 Total billing (Rp.) 7,395,567 5,200,580 2,158,985 
3 Total Kwh 	Billed 68,871 40,455 17,724 
4 Average revenue per consumer (Rp.) 2,428 3,041 2,561 
5A Average no. Kwh's/consumer 23 24 21 
B Average revenue per Kwh billed (Rp.) 107 129 122 
6 Kwh's generated 82,325 57,564 23,789 
7 Liters diesel fuel 37,473 22,576 12,050 
8 Kwh/liter fuel 2.2 2.55 1.97 
9 Cost of diesel fuel (Rp.) 5,508,531 3,305,962 - 
10 Cost of lube-oil (r(.) 253,175 105,825 - 
11 Total fuel cost (Rp.) 5,761,706 3,411,787 1,888,866 
12A Fuel cost/Kwh generated (Rp.) 70 59 79 
B Fuel cost/Kwh billed (Rp.) 84 84 107 
13 Z system losses 16 % 30 Z 25 Z 
14 Peak KW demand 330 300 98 
15 No. of idle services (accumulative) 90 66 N/A 
16 No. of temporary disconnects 277 469 N/A 
17 Total no. disconnected 367 535 N/A 
18 No. members signed-up 3,698 4,065 861 
19 No. houses wired 3,354 3,431 N/A 
20 Collection efficiency energy sales 105 % 98.5 % 96 % 
(April) 
Source: NRECA, PDO Team Report, Jakarta 1986 
Appendix 11 Delials of Survey Villages 
1. Salaman, Centra Java 
Sited at major intersection on main road. 
Neo-urban commercial zone centred around junction, including bustling 
market. Rice fields, major regional hospital and good public buildings. 
District capital and swasembada village. 
The Provincial Government originally provided a 5 kW generator for 
streetlighting only. In 1977 PLN constructed main feeder from Magelong to 
R Purwurejo and connected village. 
2. Gergunung, (NRECA pilot village), Centra Java 
(1) Suburban environment, including large middle class housing estate for Kiaten. 
Rice fields. 
(ii) Electrified in 1979 along with two other pilot villages, with NRECA area 
coverage approach and 48 month credit offer, through connection to Central 
Java grid. 
3. Pakong, Madura 
One of the most fertile regions of the island of Madura. Farmers can get three 
crops per annum from their land by rotation of tobacco, corn and rice. Large 
tobacco godowns. Once ice plant with a 50 kVA diesel generator. 
Swasembada village. 
Electrified in 1977 Provincial Government financed L.V. lines while PLN 
provided 50 kVA genset, generator house and local offices. 
4. Pujon Lor, East Java 
(1) Sited on main Mulang-Keduri road with some road-based commerce. Mainly 
rice growing region with livestock project to supply milk to (connected) 95 
WA dairy plant, with some 10 small holder cattle rearers. Swakarya. 
(ii) Former Japanese military base and so electrified in 1942/43. New generator 
supplied by Provincial Government in 1968. PLN constructed hydro-plant at 
Subarjo in 1968 and constructed 60 kV transmission line overhead to Mulang. 
Upon request, PLN substation built to connect Pujon Lor and three adjacent 
villages in 1971. 
5. Singapadu, Bali 
The economy combines rice-based (also peanuts and corn) agriculture (90% of 
labour force) with overlapping handicrafts (50%). Economy is tourism 
oriented and physical output is reckoned to have doubled in previous five 
years. Swasembada village. 	 - 
Joined to South/Central Bali grid in 1979, so powered by the Pesonggaran 
Station, the capacity of which was currently below potential demand. This has 
resulted in  freezing of new connections in the region and peak hour rationing. 
Peliaton, Bali 
Reputed for the excellence of its wood carving (half the village workforce so 
engaged) and the cultivation of rice (40 percent). A model village, with large, 
usually brick houses. 
Connected to grid in 1977. 
